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?????????
Plastic can be recycled into many different products, but Denmark still incinerates the 
majority of its plastic waste. The European Union (EU) set a target for its member states to 
recycle 50 percent of household waste by 2020. In order to fulfill this target, Denmark needs 
to improve how it recycles household plastic waste. Our project focuses on enhancing plastic 
recycling from Danish households and suggesting to the Danish Waste Association different 
recycling initiatives for each stakeholder in the Danish waste sector. Our findings reveal that 
source separation, improved communication between stakeholders, and extended producer 
responsibility should be implemented to achieve the EU directive. 
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It would be difficult to imagine society today without plastic. Plastic is used for 
countless purposes including packaging, construction, electronics, and household appliances. 
The reason for its success in replacing traditional materials such as wood, glass, and metal is 
its ability to meet a vast array of design specifications. Moreover, plastic is easily processed, 
which makes it an ideal material for different applications. However, plastic is not easily 
biodegradable and can take many years to decompose if discarded into the environment. 
Denmark has taken many initiatives in reducing the harm done to the environment (Danish 
EPA, 2011). Some of the ways in which plastic is treated in Denmark include recycling and 
incineration. Ideally, all plastic that enters the waste stream would be recycled. However, due 
to the chemical and physical properties of plastic, they cannot be mixed, and only some of the 
waste stream can be recycled. Denmark cannot recycle all of its plastic due to co-mingled, or 
mixed, plastic waste streams upon collection (Remtoft, 2013).  
Owing to pressure from the European Union (EU) to meet a 50 percent recycling 
target of household waste by 2020, the Danish waste sector would like to recycle more plastic 
so that less of it would be incinerated. One of the ways to address this need is to provide 
incentives to stakeholders to collect more recyclable plastic from households. Our project 
goal was to provide the Danish Waste Association with short and long term recommendations 
for the stakeholders to improve household plastic recycling. We accomplished this goal via 
the following objectives: 
1. Identify how different stakeholders frame the core problems associated with 
household plastic recycling.  
2. Understand the current system in place to collect and recycle household plastic.  
3. Recognize citizens’ different recycling behaviors.  
4. Research more efficient and effective recycling incentives and provide suggestions to 
the stakeholders on behalf of the Danish Waste Association.  
Our objectives were accomplished through site visits to and observations of recycling 
facilities, interviews with stakeholders, obtaining results from a previous study, workshop, 
and literature study. By visiting the recycling facilities and interviewing the different 
stakeholders, we were able to identify the limitations of the current recycling system. We also 
classified different recycling behaviors by analyzing results from a previous study. This 
analysis allowed us to develop solutions for encouraging the citizens to participate in the 
recycling system. We conducted a workshop with experts to assess the feasibility of our 
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recommendations. Finally, a thorough literature study provided us with an essential 
understanding of other aspects of recycling, such as regulations and other successful 
recycling strategies. 
Although we perceived Denmark’s recycling system as adequate, there is still room 
for improvement. We investigated certain core problems and proposed some solutions that 
could be implemented either in the short term (within one to two years) or long term (at least 
five years). According to the stakeholders, some of the main factors that concern the 
recycling process include convenience, communication, state of technology, quality of 
collected plastic, constant supply of materials, market, transportation, and customer 
perception. The short-term solutions we proposed include providing a standard definition of 
clean plastic and suggesting infrastructure improvements to recycling centers and stations. 
The long-term solutions consist of integrating recycling into school curricula and 
implementing the Extended Producer Responsibility (EPR) in Denmark.  
Based on our research and analysis, we have developed the following conclusions. 
First, we conclude that source separation, or multi-stream, collection is a good way to ensure 
that more plastic of high quality enters the recycling system. It might take several years for 
municipalities to introduce source separation to its citizens and encourage the citizens to 
utilize it. However, effective communication to the citizens can expedite this implementation. 
In the long term, source separation will be conducive to good recycling habits as well as a 
positive mentality for recycling.  
Next, we conclude that effective communication between stakeholders is necessary so 
that information does not get lost. Recycling is an intricate process with many parties 
involved. Frequent communication will improve the flow of information and guarantee that 
recycling will actually take place.  
Finally, we conclude that implementing Extended Producer Responsibility (EPR) in 
Denmark will be beneficial. EPR systems foster source separation, better communication 
among the stakeholders, and provide incentives for households to participate in recycling. 
However, it might take a number of years for full-scale operation due to the complexity of the 
governmental system in Denmark. Additionally, the structure of the waste sector may change 
as a result of this implementation. 
After analyzing our findings, we have recommended that the Danish Waste 
Association work with the following stakeholders (in bold) to: 
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Danish EPA 
• Standardize the number of waste fractions collected 
• Establish an Extended Producer Responsibility for plastic
• Integrate recycling into school curricula 
• Set a recycling target for plastic specifically 
Municipalities 
• Clearly educate citizens on the importance of properly separating and recycling waste 
• Investigate ways to effectively communicate to their citizens, such as annual events 
and informational publications 
• Integrate recycling centers into society 
• Construct well-designed recycling centers 
• Consider pay-as-you-throw system for residual waste 
Private Companies 
• Influence Danish EPA to implement Extended Producer Responsibility
• Join forces with other producers to set up Producer Responsibility Organizations 
• Make products more recyclable 
• Sponsor student projects 
• Build educational labs 
These recommendations will prove useful for the Danish Waste Association.
-1- 
?????????? ?????????????
The United Nations (UN) has predicted that the world population between now and 
2025 will increase by 20 percent to 8 billion, and by 2050, the total population will reach 9.5 
billion. With the increasing population growth, it is also expected that the amount of waste 
generated will increase. The amount of waste generated is determined by two factors: the 
population in an area and the consumption patterns controlled by Gross Domestic Product per 
Capita (GDP/c). According to macroeconomic data from thirty Organisation for Economic 
Co-operation and Development (OECD) countries, it has been estimated that a one percent 
increase in the national income leads to a 0.69 percent increase in the municipal solid waste 
generated. The cause-and-effect trends of population growth and GDP/c will generate a 
significant amount of waste, and even the best waste management system cannot handle all 
the waste without consequences (Mavropoulos, 2010). What are we going to do with all this 
waste? Are we going to landfill, incinerate, or recycle it? 
One type of waste frequently encountered is plastic. Plastic is used in everyday 
applications since it can be easily processed; however, plastic is not easily biodegradable. 
Unfortunately, in some countries, a large amount of the plastic is dumped into the land and 
sea, which is extremely harmful to the environment. Denmark has taken many initiatives 
towards reducing the harm done to the environment (Danish EPA, 2011).  
Ideally, all plastic that enters the waste stream would be recycled. However, plastic 
can only be recycled a certain number of times while maintaining high quality, an idea 
known as the life cycle assessment (Danish EPA, 2011). Denmark cannot recycle all of its 
plastic due to co-mingled, or mixed, plastic waste streams upon collection (Remtoft, 2013). 
Although the mixed plastic can be separated with some success, the plastic that is not 
recycled are incinerated, which poses harmful threats to the environment.  
Owing to pressure from the European Union (EU) to meet a 50 percent recycling 
target of household waste by 2020, the Danish waste sector would like to recycle more plastic 
so that less of it would be incinerated. One of the ways to address this need is to provide 
incentives to stakeholders to collect more recyclable plastic from households. Our project 
goal was to provide the Danish Waste Association with short and long term recommendations 
for the stakeholders to improve household plastic recycling. We accomplished this goal 
through site visits to and observations of recycling facilities, interviews with stakeholders, 
obtaining results from a previous study, a workshop, and literature study. ?
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Recycling is a critical component of Denmark’s waste management strategy. 
Unfortunately, efforts to increase the rates of plastic recycling from households have not been 
satisfactory due to various factors. In this chapter, we will start with an overview of the 
different types of plastic and the problems that arise from mixing plastic. We will then 
explain the structure of the Danish waste management system and the relationships between 
the different stakeholders, followed by a description of the current collection schemes in 
Denmark and the state of the overall recycling system. We will also report on the EU 
regulations as well as the driving pressures to increase the recycling rate. Finally, we will 
explain some of the successful household plastic recycling strategies that are utilized in other 
countries to address the limitations of their respective systems. 
????????????
In this section, we will focus on the types of plastic as well as their uses in the Danish 
society today. In addition, we will discuss some of the issues encountered when mixing 
different types of plastic.  
?????? ????????? ?????????????????????????
Many people believe that “plastic is just plastic.” However, plastic comes in many 
different compositions with different physical and chemical properties. Table 1 summarizes 
some of the most widely deployed types of plastic. The initial plastic that is used to make 
these products is called virgin grade material. These are the materials that have come directly 
from the polymer manufacturer to the factory and have not yet been reprocessed or recycled 
(Goodship, 2007). Once these plastic products have been expended and considered to be 
waste, attempts are made to recycle them into other usable products as shown in Table 1 
(European Commission, 2013a). In order for the plastic waste to not be discarded into the 
environment, Denmark has taken initiatives to collect the plastic waste from households and 
any other location that generates plastic waste (Christensen, 2011). Since the plastic is 
collected together with other recyclables and waste, it is sometimes difficult to obtain the 
plastic’ original resin forms. 
-3- 
Table 1. Different Types of Plastica 
Plastic Code Name of Plastic Application of virgin material Application of recycled material 
 
PET: 
Polyethylene 
Terephthalate 
Soft drink bottles, textile fibers, 
pillow filling, sleeping bag filling 
Soft drink bottles, detergent bottles, 
carpet fibers, ski jackets 
 
HDPE: 
High Density 
Polyethylene 
Shopping bags, milk bottles, 
shampoo bottles 
Detergent bottles, rubbish bins, 
water pipes 
 
PVC: 
Polyvinyl 
Chloride 
Juice bottles, plumbing pipes, garden 
hoses, shoe soles 
Detergent bottles, window frames, 
artificial leather 
 
LDPE: 
Low Density 
Polyethylene 
Garbage bags, rubbish bins, buckets Agricultural films, packaging films, 
shopping bags 
 
PP: 
Polypropylene 
Ice cream cups, drinking straws, 
potato chip bags 
 
Battery boxes, fuse boxes, 
automobile parts 
 
PS: 
Polystyrene 
Yogurt cups, plastic cutlery, 
imitation crystal ware 
 
Coat hangers, VCR boxes, office 
stationary 
 
Other All other plastic including nylon or Polyamide (PA) for clothes, 
Acrylonitrile-butadiene-styrene (ABS) for LEGO, Butadiene Rubber (BR) 
for tires, and many other applications 
?????? ??????????????
Frequently, the mixing of plastic makes it difficult to recover the original material 
because it is a challenging task to distinguish one plastic from another (Remtoft, 2013). 
Additionally, different polymers can emit toxic substances when processed. For example, 
plastic of type 3, or PVC, emits carbon monoxide and other carcinogens when processed 
(Sadat-Shojai, 2011). It is also undesirable to have plastic of type 7 (see Table 1) in the waste 
stream because the compositions are mostly mixtures of different types of plastic, which 
reduces their recyclability (Faber, 2013). In order to reprocess materials and retain good 
properties for the new products, well-sorted and pure materials are preferred over blended 
immiscible plastic (Goodship, 2007). However, because plastic products are made of 
miscible plastic, it is cumbersome to separate out the different plastic in the products. Figure 
1 conveys this idea of mixing polymers that are miscible and immiscible. A comprehensive 
table in Appendix A highlights the miscibility of several plastic with each other.  
       
a Note. From an interview with Per Faber at Eurec A/S 
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Figure 1. Miscible vs. immiscible plastic polymersb 
A recycled material of high purity and better quality is more expensive because it 
costs more to sort. This requires that the sorting of plastic should be as economical as 
possible (Goodship, 2007). According to Remtoft, the current technology is not capable of 
separating plastic with similar chemical properties, making it harder to obtain the pure resins 
(2013).  
???? ????? ????????????? ???????
In this section, we will begin by introducing the overall recycling process, including a 
brief overview of each stage. Then, we will describe where the private companies, 
municipality companies, households, middlemen (buy-and-sell companies), and the Danish 
Environmental Protection Agency (Danish EPA) fit into the Danish waste sector. Finally, we 
will discuss the relationships among these different stakeholders. 
?????? ??????????? ?????????????????
The general five stages of recycling process involve collection, separation, 
processing, manufacturing, and distribution (see Figure 2). It begins with plastic being 
collected from different locations and then brought to separation facilities where they are 
separated from other recyclables. It is important to note that separation can occur before 
(source separation), during, or after collection. Because mixing is undesirable, the plastic is 
usually sorted again into their different resin types as shown in Table 1 (Remtoft, 2013). If 
the plastic contains a high level of contaminants (food, hazardous chemicals, labels, etc.), it is 
likely to be incinerated. With different processing technologies, this plastic is compacted and 
baled for ease of transportation and subsequently shredded upon entering the manufacturing 
stage. The shredded plastic is then converted to its original form in the manufacturing stage, 
       
b Note. From Introduction of Plastic Recycling p.42, by V. Goodship, n.d. Retrieved from 
http://site.ebrary.com/lib/wpi/docDetail.action?docID=10236873 
-5- 
either by chemical processes or mechanical processes. An example of a chemical process is 
feedstock recycling, which involves converting the plastic back into its petrochemical (fossil 
fuel) constituents; these constituents can then be used in the re-manufacturing of plastic 
(Hopewell, et al., 2009). Mechanical processes only change the physical form of the plastic. 
Some examples of mechanical processes include extrusion and molding (Christensen, 2011). 
The manufactured plastic can be reused either for the production of new plastic products or 
sold directly to consumers in the distribution stage.  
Figure 2. Summary of the five-step plastic recycling process 
??????????????????????? ?????? ????????????
There are several different stakeholders involved in the waste sector. At the national 
level, the Ministry of the Environment (Danish EPA) proposes laws concerning waste 
management to the Danish Parliament. These laws set up a framework within which the 
municipalities must work. It is at the discretion of each municipality to decide how the laws 
are interpreted, as long as each remains within the boundaries of the laws (Remtoft, 2013). In 
January 2007, Parliament issued a municipal reform in which the fourteen counties in 
Denmark were merged into five counties, and the country’s 271 municipalities were reduced 
to a total of 98 (Ikuta, 2006). The goal of this municipal reform was to increase the efficiency 
and services (such as waste management) of local governments by increasing the scale of 
cities and scaling down the authority of counties (Ikuta, 2006). Most of the Danish 
municipalities are still too small to handle the waste treatment tasks in an economically 
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efficient manner (RenoSam, 2006). Therefore, several municipalities have created joint 
municipality companies where the municipalities involved decide how the company will 
work (Remtoft, 2013). These municipality companies are public companies and are led by a 
board consisting of municipal council members from the owner municipalities, and the 
company must work within the framework provided by the municipalities themselves 
(RenoSam, 2006). 
In terms of economics, the waste sector is funded by a waste fee collected by the 
municipalities from the citizens. The fee is separated from the tax budget and allotted for 
waste management only. If there was not enough money that year for waste management, the 
municipal government will raise the waste fee to overcome the loss in finances in the 
following year. The municipal government will also lower the fee if there was a surplus of 
money as well. This ensures that the money spent on waste management evens out over a 
longer period of time (Remtoft, 2013).  
?????? ?????????????????????????????
The waste sector in Denmark consists of a number of important stakeholders who 
collaborate closely to solve problems related to waste collection, while reducing any 
environmental impacts (Sørensen & Hasle, 2011). These stakeholders include the consumers 
or households, municipalities, municipality companies, private companies, Danish Waste 
Association and the Danish EPA as illustrated in Figure 3.  
 
Figure 3. Stakeholders in the Danish plastic waste sector 
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Obviously, one of the stakeholders that plays a major role in the recycling process 
includes the households or consumers that produce the waste (Remtoft, 2013). The 
households determine the success of the municipal recycling schemes. Another stakeholder 
that has an integral part in household plastic collection is the municipalities. The 
municipalities are non-profit organizations that ensure that waste is being processed safely, 
efficiently, and with low environmental impact (RenoSam, 2006). Some of the 
responsibilities taken by municipalities are waste management, customer handling and 
support, waste collection, management of recycling stations, maintaining machines, 
subcontracting of waste collection, and daily monitoring of contractors (Sørensen & Hasle, 
2011). The municipality companies mentioned in the previous section work with 
municipalities to handle the actual sorting of the waste into different fractions such as paper, 
glass, plastic, and hazardous waste (Remtoft, 2013). These municipality companies may 
outsource waste collection to private companies, and, if they choose to do so, they are also 
responsible for creating outsourcing conditions to provide a safe collection system from 
households (Remtoft, 2013). Many of these companies compact and crush the plastic into 
pellets that are baled into large cubes of shredded waste for easier and more efficient 
transportation (Christensen, 2011). 
The private companies associated with waste management have different roles in the 
Danish waste sector. Depending on their function, the companies may focus on one or more 
of the recycling stages. For example, some companies such as TrioPlast focus on 
manufacturing the plastic (Kaag, 2013). Other companies such as Eurec A/S focus on 
transportation of the plastic (2013).  
Another major stakeholder in the plastic waste sector is the Danish Waste 
Association. The Danish Waste Association is a political interest organization that represents 
municipalities, inter-municipal waste management companies, and facilities for hazardous 
waste in Denmark and the Faroe Islands (Dansk Affaldsforening, 2013). The Danish Waste 
Association does not have any form of power within the government; they essentially lobby 
ideas with respect to waste. The government then decides whether or not it will be receptive 
to the ideas (Remtoft, 2013). The organization covers 95 out of 98 municipalities and more 
than 5.4 million out of 5.6 million citizens in Denmark (Dansk Affaldsforening, 2013).  
The final stakeholder in the waste sector is the Danish EPA. It is in charge of giving 
framework to the municipalities to manage their own waste so that the national target can be 
met (Danish EPA, 2011). It also created Danish Waste Strategy for 2009-2012 with three 
important aspects such as resource policy, climate policy and protection of environment and 
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human health. Danish EPA aims to recycle more than 65 percent of the total waste in 2012 
and its current goals shift to waste prevention and innovation of waste treatment technology 
using the concept of cradle to cradle (Danish EPA, 2011). The Danish EPA has yet to publish 
the Danish Waste Strategy for 2013-2018. 
????????????????????????????????????????????????????? ???????
This section will describe some of the associated motives to improve the plastic 
recycling rate in Denmark. We will begin by showing the trends in waste generation over 
time. We will then explain the regulations on plastic recycling and reasons why it is favored 
over incineration. Finally, we will report on some of the driving forces for improving plastic 
recycling. 
???????????????????????????????? ????????????????? ????????????????
Municipal solid waste (MSW) consists of the waste collected by the municipal 
authorities. Due to changes in the waste regulation as of January 1, 2010 (Statutory order on 
waste 2010), the definition of waste regarded as MSW was modified. In the past, the 
municipalities were responsible for collecting recyclable waste from private enterprises. 
However, the municipalities no longer have the responsibility for ensuring that sufficient 
recycling capacity is available for publicly or privately owned plants for waste from 
institutions, commerce, and offices (European Environment Agency, 2013b). The municipal 
waste consists of different waste streams that include, for example, plastic, glass, and paper. 
A brief summary of total waste generation, plastic waste generation, and population growth 
in Denmark and the EU is shown in Table 2. 
Table 2. Total Waste Generation, Plastic Waste Generation, and Population Growth in Denmark and the 
EU from 2004 to 2010 c,d 
 2004 2006 2008 2010 
Total Waste Generation in Denmark (in tons) 2,016,209 2,069,635 2,514,155 2,435,921 
Total Waste Generation in the EU (in tons) 210,970,000 215,340,000 220,930,000 218,590,000 
Plastic Waste Generation in Denmark (in tons) 2,809 2,152 2,523 5,270 
Plastic Waste Generation in the EU (in tons) 1,630,000 2,170,000 1,960,000 2,120,000 
Total Population of Denmark 5,397,640 5,427,459 5,475,791 5,534,738 
Total Population of the EU 488,797,929 493,210,397 497,686,132 501,084,516 
       
c Note. From Eurostat, European Commission, Generation of Waste, 2013 
d Note. From Eurostat, European Commission, Population on 1 January, 2013 
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The information in Table 2 shows that the plastic waste generated per person is 
increasing more rapidly in Denmark than in the rest of the EU. Denmark produced 
approximately 0.47 kg per person in 2004, and in 2010 it produced 0.86 kg per person, which 
is an increase of 182 percent (1 ton = 907.185 kg). The EU produced approximately 3.03 kg 
per person in 2004, and in 2010 it produced 3.84 kg per person, which is an increase of 127 
percent. With this increase in waste generation, Denmark needs to utilize a waste 
management system that has the capacity to handle the plastic waste by using efficient and 
environmentally acceptable practices. 
 On that note, plastic makes up a significant percentage of total household waste. The 
Danish EPA issued a study to analyze the different fractions in household waste from single-
family homes (Petersen et al., 2012). The study encompassed four municipalities (Kolding, 
Helsingør, Viborg, and Gladsaxe) to secure a geographical spread across the country. The 
different municipalities represented four different ways of handling household collection and 
other collection schemes, with roughly 200 households being represented from each 
municipality. In determining the composition of the waste from these homes, researchers 
searched through the bags and bins of household waste and categorized them into 16 different 
waste fractions. The results for the plastic waste are shown in Figure 4.  
 
Figure 4. Fractions of plastic in household waste in 2010e 
The plastic waste consisted of approximately 14 percent of all of the household waste, 
which signifies that a substantial part of the waste stream is plastic (Petersen et al., 2012). 
The other waste consisted of food waste, garden waste, paper, metal, glass, batteries, and 
small electronics. The European Union has been taking many initiatives to deal with the 
       
e Note. From Miljøstyrelsen, Miljøministeriet, Kortlægning af dagrenovation i enfamilieboliger (Miljøprojekt 
nr. 1414), 2012 
Plastic packaging (5%) 
Other plastic (7%) 
Plastic bags (2%) 
Other waste (86%) 
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increasing amount of plastic waste generated by enforcing the EU Framework Directive on 
waste (European Commission, 2011). 
?????? ?????????????????????? ?????????
For the past 20 years, Denmark has changed its focus of the waste management 
program from just treating the waste and conserving the resources to reducing the 
environmental impact (Larsen et al., 2010). As a member of the EU, Denmark’s waste 
management system follows EU’s waste management policy. This policy aims to “reduce the 
environmental and health impacts of waste and improve Europe’s resource efficiency” 
(European Commission, 2010a). In the long term, EU hopes to turn Europe into a recycling 
society by developing a proper waste management system to use resources efficiently and 
sustain growth of European economies. The EU does not actually make legislations on waste; 
they create directives that act as frameworks within which the member countries work 
(European Commission, 2013b). In the following subsections, we will discuss the initiatives 
the EU has taken to improve waste management such as the waste hierarchy, EU Waste 
Framework Directive, the Extended Producer Responsibility, and the Waste Shipment 
Regulation (WSR). 
???????? ????? ?????????
In 2008, the EU revised the framework and emphasized the five-step waste hierarchy 
that prioritized prevention of waste over reusing, recycling, recovery, and landfilling. Figure 
5 illustrates the waste hierarchy that the EU has created. 
Figure 5. The EU Waste Hierarchy where width denotes priority order 
?????????????????
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Although recycling is in the middle of the hierarchy, it is specifically recommended 
as an alternative to waste prevention and reuse. Regarding reuse or recycling directives, the 
EU encourages the member states to promote reuse and/or recycling of products and demands 
separate collection of paper, metal, plastic and glass by 2015 (The European Parliament, 
2008).  
????????????????????? ???????????? ????????????????
According to the EU’s Directive 2008/98/EC, the EU targets member states to recycle 
a minimum of 50 percent of its household waste and utilize recycled material by 2020 (The 
European Parliament, 2008). This ensures that waste is being used as a resource to make new 
products, leading to the campaign of waste as a potential resource and having value. In 2010, 
the recycling rate of household waste in Denmark was 42 percent, which decreased from 
2009 when the recycling rate was 49 percent (European Environment Agency, 2013b). This 
decrease is explained by the change in the scope of MSW due to the new regulation on 
recyclable waste from enterprises as explained in section 2.3.1 (European Environment 
Agency, 2013b). In order to meet the set targets by the EU, improvements must be made with 
respect to the recycling rate of household plastic waste.  
?????????????????????????????????????????
The EU Framework Directive on Waste 2008/98/EC establishes a so-called Extended 
Producer Responsibility that many EU countries have adopted; however, Denmark is one of 
the countries that has not yet implemented this Extended Producer Responsibility in its waste 
management system. The Extended Producer Responsibility describes strong and innovative 
drivers for sustainable production while taking into account the full life cycle of products 
(European Commission, 2013a). The idea of this initiative is to encourage the producers of 
the plastic products to set up acceptance points for end-of-life products, where they may 
engage in waste management and take financial responsibility for activities. As a result of the 
producer responsibility, appropriate measures are typically taken to improve the design of 
products to reduce their environmental impact and generation of waste. Additionally, these 
measures stimulate the development, production and marketing of products that are fit for 
multiple uses, technically durable, and environmentally safe. This Extended Producer 
Responsibility also ensures that the motives behind the products are geared for prevention 
and reuse of waste; further, it prevents producers from creating single-use disposable 
products (European Commission, 2013a).  
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???????????????????????????????? ????? ?????????
EU first introduced measures to manage packaging waste in the 1980s. The Packaging 
and Packaging Waste Directive 85/339/EC covers the packaging of liquid beverage 
containers intended for human consumption (European Commission, 2010b). The Danish 
Parliament issued legislation to manage this packaging waste through the use of a deposit-
and-return system, explained in more detail in section 2.4.1.2 (PRO-Europe). The Packaging 
and Packaging Waste Directive 94/62/EC was adopted to harmonize national measures in 
order to prevent or reduce the impact of packaging waste on the environment (European 
Commission, 2010b). For example, if a Danish PET bottle enters a recycling system in 
another country, the directive helps in unifying the systems so that the bottle is disposed 
correctly and not just landfilled. The directive also contains provisions on prevention, reuse, 
recycling, and recovery of packaging waste (European Commission, 2010a). Overall, 
Denmark has implemented these directives for beverage containers.  
??????????????????????????????????????
REACH stands for Registration, Evaluation, Authorization and Restriction on 
Chemical Substances and aims to improve the protection of human health and the 
environment through better and earlier identification of the inherent properties of chemical 
substances (European Commission, 2013b). The directive also promotes competitiveness in 
the chemical industry as well as places greater responsibility on industry to manage risks 
from chemicals through safety information (European Commission, 2013b). Manufacturers 
and importers are required to gather information on the properties of chemical substances 
through a central database controlled by the European Chemicals Agency (ECHA). The 
regulation contains provisions for the use of additives in plastic that can inhibit its 
recyclability (European Commission, 2013b). Adhering to these legislations and regulations 
could improve plastic recycling rates. 
???????? ????????????????????????? ?????????????
The purpose of this regulation is to strengthen, simplify, and specify the procedures 
for controlling waste shipments to improve environmental protection (European Commission, 
2011). Additionally, this regulation reduces the risk of waste shipments not being controlled, 
and eliminates illegal shipments of plastic waste. These represent important losses in 
potential resources and opportunities for recycling in Europe (European Commission, 2013a). 
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The total exports of plastic waste from EU Member States increased by a factor of five 
between 1999 and 2011 with most waste being shipped to Asia for further processing and 
sorting (European Commission, 2013a). Clearly, with so much waste being exported to other 
countries, it is a loss of resources for Denmark if it cannot process and sort the plastic itself. 
?????? ????????????????????????????????? ????????? ?????
In addition to pressures from the EU, there are many other driving forces to improve 
plastic recycling rates. Since different types of plastic are collected together with waste and 
other recyclable materials, it is sometimes difficult to obtain the original resin denominations 
(Goodship, 2007). For that reason, Denmark incinerates a large amount of its mixed plastic 
waste (Remtoft, 2013). Incineration refers to the burning of waste and results in a significant 
amount of energy and gas emissions being produced (Christensen, 2011). These gas 
emissions include carbon dioxide and flue gases, which are harmful to the environment and 
can result in health issues from overexposure (Reis, 2011). Within the past century, 
incineration technology has developed dramatically, and Denmark currently uses modern 
waste-to-energy plants with extensive processing capabilities to recover the released energy 
and convert it to heat that can be used in homes (Kleis & Dalager, 2007). Additionally, 
emission control systems have been implemented to control the flue gas emissions and ensure 
that the harm done on the environment is minimal (Merrild, 2012). Although incineration is a 
much better alternative than landfilling waste, recycling is still a better option. Widespread 
unnecessary municipal incineration is the main reason why Denmark is exceeding its carbon 
dioxide goals under the Kyoto Protocol (Buley, 2011). According to the UN (2013), the 
Kyoto Protocol is “an international agreement linked to the United Nations Framework 
Convention on Climate Change, which commits its parties by setting internationally binding 
emissions reduction targets”. By recycling more plastic, Denmark will be able to limit the 
negative environmental impacts of incineration and maintain a good reputation within the 
Kyoto Protocol. 
Another reason that recycling is a better treatment method for plastic over 
incineration is because the original plastic material can be recovered (Christensen, 2011). In 
addition, if the plastic is recycled, the burning of more fossil fuels to produce virgin plastic 
will not be needed (Goodship, 2007). Burning fossil fuels results in large energy consumption 
rates and the emission of harmful gases (McDougall et al., 2008). Table 3 shows a brief 
summary of these emissions and energy consumption rates. 
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Table 3. Energy Consumption and Emissions from Recycled and Virgin Plastic Productionf 
 LDPE HDPE 
Virgin Recycled Savings Virgin Recycled Savings 
CO2 (g/ton) 2,320,000 1,299,900 1,020,100 2,060,000 353,325 1,706,675 
NOX (g/ton) 12,000 6,390 5,610 10,000 989 9,011 
Energy (GJ/ton) 40.82 25.40 15.42 33.25 7.62 25.63 
Table 3 compares the gas emissions and energy consumptions of low density 
polyethylene (LDPE) and high density polyethylene (HDPE) from virgin plastic production 
and recycled plastic production. The savings of gas emissions and energy consumption are 
also highlighted in Table 3. In each case, recycling uses less energy to produce the material 
and reduces harmful gas emissions. It is evident in Table 3 that the material recovery 
characteristic of recycling reduces further harm to the environment, for less carbon dioxide 
and nitrous oxides are emitted.  
To put the energy savings in a real-life context, we will go through an example that 
evaluates the energy savings of a 40-watt light bulb (used in common household appliances 
and lighting in Denmark). Saving 15.42 GJ per ton of recycled LDPE equates to 4,283.37 
kWh per ton (1 GJ per ton = 277.78 kWh per ton). For a 40-watt light bulb, that is equal to 
saving 107,084 hours per ton, or over 12 years per ton. That is a remarkable savings in 
energy consumption for just recycling one ton of plastic instead of producing virgin LDPE by 
burning fossil fuels. For HDPE, there is over 177,986 hours per ton of energy savings for a 
40-watt light bulb, or over 20 years per ton. It is evident that being able to recover the 
material through recycling is the better option for plastic waste. 
??????????????????? ???? ????????????????????????????
In this section, we will give an overview of the current collection schemes in 
Denmark with their limitations, for collection is the most costly stage (Christensen, 2011) and 
is also a determining factor to retrieve plastic for recycling. We will also discuss the state of 
current recycling technology in Denmark and how it affects the recycling system.  
       
f Note. From Integrated Solid Waste Management: A Life Cycle Inventory p.447, by F. R. McDougall, P. R. 
White and M. Franke, 2008, Chichester: Wiley.  
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?????? ??????????????????????????????????????
In general, the waste management system in Denmark utilizes two types of collection 
schemes: curbside and drop-off. Curbside collection is when citizens leave their waste and 
recyclables outside their homes to be picked up by garbage collectors. Usually the waste and 
recyclables are put into a container, a bag, or bins with wheels (Remtoft, 2013). The waste 
and recyclables are then poured into a truck and transported to a separation facility. On the 
other hand, drop-off collection is when citizens bring their waste and recyclables to a 
designated recycling or collection center. From there, the waste is separated into different 
fractions. A study by Larsen et al. shows that curbside collection is believed to be more 
effective for recyclables compared to drop-off collection since it is more convenient for 
citizens (2010). Drop-off is not as efficient as curbside collection since the overall recycling 
rate can go down by 20 percent (Larsen, et al., 2010). However, the decision for the most 
efficient methods depends on location, type of dwellings and types of available facilities 
(Hopewell et al., 2009). Figure 6 shows the breakdown of the collection schemes that are 
used in Denmark.  
Figure 6. Collection schemes used in Denmark 
The municipalities in Denmark are responsible for deciding which collection schemes 
they will use for their citizens. Their choice is based on the municipalities’ evaluation of a 
scheme that best fits with their citizens’ needs. Since each municipality in Denmark has its 
own waste management plan, not all 98 municipalities in Denmark have the same schemes.  
Collection 
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????????????????????????????
Curbside collection is divided into two different types: single-stream and multi-
stream. Single-stream, or central sorting, is when recyclables are collected together as one 
fraction and in the case of plastic, it is usually co-mingled with glass, metal, and paper as one 
fraction. The co-mingled recyclables are then brought into a Material Recovery Facility 
(MRF) where they are sorted into different fractions either by hand or with one or more 
sorting machines (Larsen, 2012). This method is more convenient for citizens because they 
do not have to separate the waste themselves. Larsen also agrees that it is the most efficient 
way to obtain recyclables from households (2012). Contrarily, multi-stream, or source 
separation, is when households sort their recyclables into fractions before collection, and the 
waste collectors will place them into different compartments. This method eases the sorting 
process and generates better quality of recycled plastic (Larsen, 2012). It costs less to collect 
using the single-stream compared to multi-stream method; however, the quality of the 
recyclables is poor because they get in contact with other recyclables that might be 
contaminated with food or other chemical agents. A lot of municipalities in Denmark collect 
recyclables once a month from the households.  
As technology advances, waste collectors do not need to manually transfer waste to 
the collection truck. Collection trucks nowadays are equipped with robotic arms that can pick 
up the bulky garbage bins. There are three widely used methods of curbside collection, which 
are automated, semi-automated, and manual. With the fully automated method, only one 
person is needed to operate the truck; and bins are usually placed in a specific way on the 
curb so it can be picked up easily. The semi-automated method is a combination of the 
automated and manual methods (Washington State Department, 2004). A person is still 
needed to push the bins from the houses close to the robotic arms of the collection trucks. 
The curbside collection system in Denmark generally utilizes the semi-automated method. 
The manual method is no longer desirable due to risks of injuries from lifting the bins for the 
collectors, and it is time-consuming (Washington State Department, 2004).  
The waste and recyclable bins often have to be redesigned to fit the citizens’ needs 
and the available collection trucks. For single-stream collection, households are given two 
bins: one bin for residual waste and one for all recyclables. For multi-stream, some of the 
municipalities customize the bins into two-chamber and four-chamber bins to increase 
fractions of the recyclables. For example, the Herlev municipality in Denmark introduces the 
four-chamber bin that separates paper, plastic, glass and metal (see Figure 7). The collection 
truck in Figure 8 is also designed with four different compartments to pick up the recyclables. 
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Figure 7. Four-chamber bin used in Herlev municipalityg 
 
Figure 8. Collection truck designed for four-chamber binh 
There are some economic, technological, environmental, social, and behavioral 
limitations for the municipalities to utilize the curbside scheme. To reach a high collection 
rate within a reasonable cost, municipalities need to take into consideration issues such as 
frequency of pick-up service, finding the right size of bins and containers, storage space for 
the collected materials, location of pick-up service (as types of collection trucks depend on 
       
g Note. From Madam Skrald by Herlev Kommune. 2012. Retrieved from <http://www.herlev.dk/om-
kommunen/presse/billeder-til-download/madam-skrald-genbrugsordning/370-l-beholder-oppefra/image> 
h Note. From Åben Firkammerbil by Herlev Kommune. 2012. Retrieved from <http://www.herlev.dk/om-
kommunen/presse/billeder-til-download/madam-skrald-genbrugsordning/aben-
firkammerbil/image_view_fullscreen> 
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the accessibility to the bins), development of efficient routes, capacity of collection trucks, 
fuel costs, and number of collection workers needed (University of Central Florida, 2001).  
The choice of using single- or multi-stream depends on the sorting technology. For 
example, if a municipality has a cost-efficient sorting and cleaning facility, then single-
stream collection is preferred to minimize collection cost. Another economic limitation is that 
collection trucks with robotic arms may require high maintenance and high associated fees. 
Additionally, municipalities and companies have to comply with the changing regulations, so 
they may have to change the schemes every so often. Citizens also need to get properly 
educated about waste management and sorting their wastes. In the social aspect, waste 
collectors are exposed to injuries and poor working conditions, which lead to limited career 
opportunities (University of Central Florida, 2001). In 2010, garbage collector is rated as the 
7th most dangerous job in the United States due to risks of falling off trucks, getting hit by 
cars, poor hygiene and lifting injuries (Tibbetts, 2013).  
???????? ???????????????????
The process in which citizens bring their recyclables and waste to a centralized 
location is known as drop-off collection. These centralized locations have different 
receptacles for different types of waste. For example, in the case of the Ringkøbing-Skjern 
municipality in Denmark, hard mixed plastic is dropped off in one bin, while PVC is dropped 
off in another bin (Ringkøbing-Skjern, 2012). There are three different types of drop-off 
collection: recycling centers, recycling stations, and deposit-and-return systems. 
A common centralized location for recycling is a recycling center. Recycling centers 
may be large, medium, or small in size, so long as two criteria are met. First, there must be 
space for cars to get through (Remtoft, 2013). Second, there are usually workers to guide 
citizens through the recycling process (Remtoft, 2013). The size of the recycling center is 
usually directly proportional to how many receptacles there are for different types of waste. 
In other words, one type of waste that may be collected at a larger recycling center may not 
necessarily be collected at a smaller recycling center. For example, the larger recycling 
centers at Ringkøbing-Skjern collect automobile glass and tires, but the smaller recycling 
centers do not have containers for these materials (Ringkøbing-Skjern, 2012). One limitation 
of dropping off the waste at a recycling center is that most recycling centers are not open all 
day for seven days a week. Larger recycling centers are open for five to eight hours, six days 
a week, while smaller recycling centers are open for three to four hours, once or twice a week 
(Ringkøbing-Skjern, 2012). This puts time constraints on the citizens that go to such 
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recycling centers due to, for instance, their work schedules; thus, this is not as convenient for 
the citizens. 
Another centralized location for dropping off waste is a recycling station. Recycling 
stations are similar to recycling centers in that there are receptacles for waste collection. 
However, unlike recycling centers, recycling stations do not have enough space for cars to 
get through, and there are no workers to help the citizens recycle (Remtoft, 2013). Since the 
stations are usually smaller than recycling centers, there may not be as many different waste 
receptacles. The stations in Ringkøbing-Skjern accept paper, glass, and bottles, but not much 
else (Ringkøbing-Skjern, 2012). However, one advantage that a recycling station has over a 
recycling center is that a recycling station is open for longer periods of time. In Ringkøbing-
Skjern, these stations are open twenty-four hours a day, seven days a week (Ringkøbing-
Skjern, 2012). This means that recycling stations are more convenient for citizens than 
recycling centers in terms of hours. However, since there are no workers present and not 
enough space for cars, citizens have to walk down to the recycling stations by themselves and 
drop off their waste (Remtoft, 2013). 
A third type of drop-off collection is the deposit-and-return system consisting of 
reverse vending machines. A reverse vending machine is a device that accepts used beverage 
containers (e.g. bottles) and returns money to the user. This is essentially the reverse of a 
normal vending machine. In greater detail, the reverse vending machine, upon receipt of the 
container, scans the container’s UPC, or Universal Product Code (Reverse Vending, 2013). If 
the container is identified as a registered container, the container is then processed further; 
sometimes it is even crushed in the machine to reduce its size and increase the storage 
capacity (Reverse Vending, 2013). According to Dansk Retursystem A/S, which is in charge 
of collecting the materials deposited into reverse vending machines, there are approximately 
3,000 reverse vending machines in 2,700 stores in Denmark (Dansk Retursystem A/S, 2011). 
Additionally, by the end of 2010, there were 1900 compactors—whose function is to 
compress the waste materials for processing—in Denmark’s largest grocery stores (Dansk 
Retursystem A/S, 2011). Of the 800 million empty items deposited in reverse vending 
machines in 2010, approximately 326 million of those were plastic bottles (Dansk 
Retursystem A/S, 2011). Table 4 shows how much a consumer is paid upon dropping off 
waste at a reverse vending machine: 
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Table 4. Refundable Deposits for Consumers (1 DKK is approximately 0.18 USD)i 
Refillable bottles  Deposit 
Glass bottles up to and incl. 0.5 liter   DKK 1.00 
Glass bottles over 0.5 liter   DKK 3.00 
Plastic bottles under 1 liter   DKK 1.50 
Plastic bottles of 1 liter and over   DKK 3.00 
One-way packaging  Deposit 
Type A All cans and bottles under 1 liter, except plastic 
bottles  
  DKK 1.00 
Type B Plastic bottles under 1 liter   DKK 1.50 
Type C Cans, glass and plastic bottles of 1 liter and over   DKK 3.00 
   
After the waste is dropped off at the mentioned locations, it is separated and 
processed. Some recycling locations have their own separation and processing facilities, 
while others do not. Consequently, an extra transportation step is needed for the latter case. 
Despite the economic advantages drop-off collection has to offer, it is not as efficient overall 
as curbside collection, since the former causes an increase in the transport of waste in private 
cars (Larsen et al., 2010).  
??????????????????????? ????????????????????
According to Dansk Affald, a municipality company, the technology in Denmark for 
recycling plastic has the capacity for twice the material it currently processes (Heinzl, 2013). 
While it is advantageous that today’s technology can process the amount of material that 
presently enters the recycling system, it can also be a waste of money and energy to maintain 
the technology if the material that enters the system is only a fraction of how much material 
the technology can actually process. Currently, household plastic can be mixed with 
industrial waste to increase the volume of waste fed into the technology, but household 
plastic on its own does not even come close to reaching the maximum volume available 
(Remtoft, 2013). Thus, time must be spent on developing ways to increase plastic collection 
rates from households, since scaling down existing technology might be too costly. 
Today’s technology is also not capable of handling contaminated plastic. This is a 
problem considering that some recycling centers, such as Ringkøbing-Skjern, accept dirty 
       
i Note. From “Refundable Deposit” by Dansk Retursystem A/S. Retrieved from <http://www.dansk-
retursystem.dk/content/us/the_danish_system/areas_covered> 
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plastic (2013). However, other places, such as Eurec A/S (handles private plastic waste), do 
not accept dirty plastic (2013). As a result, the dirty plastic would end up in the incinerator 
instead. This is counterproductive to the effort to increase plastic recycling. One way to 
reduce the amount of dirty plastic in the recycling system is to manually sort it out from the 
rest, although this will still lead to incineration of the dirty plastic. Another possibility for 
reducing the amount of dirty plastic in the recycling system is to implement one or more 
cleaning technologies that will get rid of the contaminants on the material and ensure proper 
quality of the plastic. However, it may be costly to implement these technologies in such a 
small country. Currently, Denmark does not have facilities to sort soft plastic from hard 
plastic, so plastic must then be exported to other countries such as Germany (Bendsen, 2013).  
??? ????? ???????????????????????????????? ???????????????????????????
??????
In this section, we will describe some of the best management practices used by other 
countries in Europe to increase household plastic recycling rates. We will be looking at 
countries that have met EU’s target for household recycling rate and the strategies that they 
used to minimize the effect of the limitations. This analysis will help us in developing 
solutions to enhance plastic recycling from Danish households.  
???????????????? ??????????????? ?????????????????????
According to the European Environment Agency (EEA), there are five countries that 
already achieved EU’s 50 percent target of household recycling rate in 2013. The recycling 
rate includes material recycling such as glass, paper, metal, and plastic, and also composting 
for garden waste. Austria takes first place with a recycling rate of 63 percent, Germany in 
second place with 62 percent, Belgium with 58 percent, Netherlands with 51 percent, and 
non-EU member Switzerland with 51 percent. These countries are regarded for their 
successful recycling systems. These countries use a range of national and regional 
instruments, such as landfill bans on waste that can be recovered, mandatory separate 
collection of municipal waste fractions, economic instruments such as landfill and 
incineration taxes, and waste collection fees to increase incentives for recycling (European 
Environment Agency, 2013a). In addition, to achieve a high recycling rate, roles and 
relationships of stakeholders in the waste sector are significant. For example, 93 percent of 
the packaging sold in the Belgian market gets recycled; this signifies the near-flawless 
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organization and close cooperation of stakeholders in the waste sector. Without those two 
factors, it is difficult to reach high recycling rates (Fost Plus).  
?????? ??????????????????????? ???????????????
Austria, Germany, Belgium, the Netherlands, and Switzerland utilize similar 
collection systems as Denmark’s, which are curbside and drop-off collection. However, they 
implemented different strategies to increase household participation. These countries, except 
the Netherlands, also implemented the Green Dot Initiative, in which packaging producers 
and retailers are responsible for collecting their used products back from the consumers and 
recycling them (European Environment Agency, 2009). This initiative is inspired by the 
Extended Producer Responsibility described in section 2.3.2.3. The systems have been used 
for a long time and have resulted in successes over the years. 
In order to achieve a high recycling rate, the collection rate must also be high since 
collection determines how much material goes into the recycling process. Germany’s 
collection system emphasizes proper sorting of waste. The collection utilizes different color-
coded bins for different materials in courtyards of apartments and houses: green, blue, 
yellow, brown, and gray. The bin color designation depends on the system used by the 
municipalities. For plastic, most municipalities in Germany use yellow bins to collect them 
together with metal from households. In the absence of yellow bins, citizens can put the co-
mingled plastic and metal into yellow plastic bag, Gelber Sack, which will be collected 
during curbside collection. The municipalities in Germany also provide gray bins specifically 
for waste that will be incinerated so the municipalities do not need to separate the non-
recyclables from the waste. Citizens are made aware of the environmental impacts of putting 
the wrong waste into the incineration bin so they will be careful when separating their wastes 
(Chuck Emerson Media Services). Currently, Germany is working toward upgrading Gelber 
Sack to yellow recycling bins, Gelbe Tonne, in the whole country to increase recycling of 
household plastic and metal by 2015 (Fischer, 2013).  
Belgium created its own classification for recyclable plastic packaging, metal, and 
drink cartons called PMD waste. PMD stands for packaging made of Plastic or Metal and 
Drink cartons, and all the material that goes into this stream will be recycled to make new 
packaging. The municipalities prompt the citizens to completely empty or rinse the packaging 
before collection so that the quality of the final product will not be impaired (Belgian Federal 
Government). This PMD classification makes the collection and sorting process efficient 
because the fate of the collected materials is already known. Belgium uses a portfolio of 
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policy instruments to achieve high recycling rates such as mandatory waste separation by 
householders with fines up to 625 Euros for non-compliance in the Bruxelles Capital Region. 
They also have mandatory quality thresholds for separately collected waste and residual 
waste to reduce contaminations in Flanders region (Gentil, 2013). Between 2001 and 2010, 
Belgium worked on initiatives such as regularly updating their waste management plan, high 
level of separate collection, color-coded collection bags with variable fees, education in 
schools, and focus on a communication campaign for waste separation. The three regions in 
Belgium have done measures such as significant communication, education, and raising 
awareness to prevent waste production and maximize separation of recyclables by households 
(Gentil, 2013).  
The EU waste targets are not binding to Switzerland; however, Switzerland has 
achieved the EU’s target. Switzerland has a unique approach to retrieve plastic from its 
households. It makes plastic type 1, PET, as a separate fraction since the majority of plastic 
products uses PET, and PET can be recycled easily. In fact, in 2010, 78 percent of PET gets 
recycled. Currently, there is no national waste plan, but in the future, Switzerland is planning 
to work on changing the paradigm of waste management to close the product cycles and 
creating legislations to improve material recycling such as increasing the cost of raw 
materials and finding more efficient recycling technologies (Herczeg, 2013). In addition, 
recycling in Switzerland is based on strong financial incentives. Disposing recyclables is free; 
however, throwing waste costs the citizens money; a system known as “pay-as-you-throw” 
(PAYT). The citizens living in the Zurich area have only one type of trash bag for pickup 
called Zuri-sack and they have to pay a fee for their waste to get incinerated (Roseland, 
2012). This system encourages people to take out as much recyclable waste as possible from 
their residual waste.  
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?????????? ???????????
Due to increasing pressure from the EU and other stakeholders in the Danish waste 
sector, change in the current waste management system is needed for Denmark to reach the 
50 percent recycling target of household waste by 2020. Many of the issues with plastic 
recycling come from the citizens since they generate the waste. Interestingly, not enough 
waste is being generated for efficient recycling. Therefore, the goal of this project is to 
provide the Danish Waste Association with short and long term recommendations for the 
stakeholders to improve household plastic recycling. We developed the following four 
objectives to achieve our project goal: 
1. Identify how different stakeholders frame the core problems associated with 
household plastic recycling.  
2. Understand the current system in place to collect and recycle household plastic.  
3. Recognize citizens’ different recycling behaviors.  
4. Research more efficient and effective recycling incentives and provide suggestions to 
the stakeholders on behalf of the Danish Waste Association.  
In order to meet these objectives, we established a detailed methodology, which is 
discussed in the following chapter.  
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?????????? ????????????
This chapter describes the methods developed and used in order to successfully and 
realistically complete the preceding objectives. 
???? ???????????
Identify how different stakeholders frame the core problems associated with household 
plastic recycling.  
???????????????? ?????????????????
Denmark’s waste sector is comprised of different stakeholders working together to 
collect and recycle plastic from households. Although they are operating within the same 
regulatory framework, each stakeholder has its individual interests. We wanted to understand 
the stakeholders’ roles in the waste sector through interviews. We interviewed the 
stakeholders who are directly involved in the waste sector, including the Danish Waste 
Association, TrioPlast, Eurec A/S, RenoSyd I/S, Ringkøbing-Skjern, ESØ, Dansk Affald, 
København Kommune, Danish Plastics Federation, Vestforbrænding, Dansk Retursystem 
A/S, and Danish EPA. Through discussion, we inquired and gathered information about: 
• Each organization’s function and responsibilities within the plastic waste sector 
• Where each organization belongs in the sector hierarchy 
• Each organization’s affiliation(s) with different stakeholders
• How each organization views the structure of the plastic waste sector 
• What each organization is hoping to gain from our work 
We learned about their opinions of the current recycling system and any factors that 
contribute to the problem. The organizations we visited were representative of the different 
stakeholders in the sector. We talked to twelve organizations in different areas of Denmark in 
order to see how different municipalities handle their waste.
???? ???????????
Understand the current system in place to collect and recycle household plastic. 
????????????????????????? ?????????????? ????????????????????
For us to fully understand the current collection and recycling system in place, we 
visited and observed different recycling facilities. First, we visited the recycling centers 
owned by Ringkøbing-Skjern and Vestforbrænding. At these recycling centers, we looked for 
any apparent obstacles such as inconvenient layout and poor design, and we learned about 
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how the waste was fractionated. We also looked at the separation, processing, and 
manufacturing facilities including TrioPlast, RenoSyd I/S, Ringkøbing-Skjern, ESØ, and 
Dansk Affald. These companies were chosen because they are the key to figuring out the 
extent of the issues with household plastic recycling. We collected our data by taking pictures 
of the facilities and talking to workers about important factors that might lead to the issues 
with recycling. 
???? ???????????
Recognize citizens’ different recycling behaviors.  
?????? ???????????????????????????????????????? ???????????
Since the citizens hold the key role in determining a successful recycling system, we 
needed to take into consideration their recycling behaviors when developing solutions to 
improve recycling. We retrieved the results of a study from RenoSyd I/S, a municipality 
company, which determined typical recycling behaviors within its municipalities. The results 
of the study came from six focus groups, eight observations/interviews at home, and four 
observations of large groups at recycling centers. They summarized the results in form of 
radar charts representing seven different behaviors. 
???? ???????????
Research a more efficient and effective recycling system and provide suggestions to the 
stakeholders on behalf of the Danish Waste Association.  
?????? ????????
We organized a two-hour workshop at the Danish Waste Association to present our 
findings for feedback and discussion. This workshop was held two weeks prior to the 
conclusion of our project in order to incorporate the feedback for creating more 
comprehensive solutions. We presented to several experts who deal specifically with aspects 
of recycling, including Niels Remtoft (Danish Waste Association), Nana Winkler (Danish 
Waste Association), and Inge Werther (Dansk Komptencecenter for Affald). These 
individuals offered valuable input to consider when formulating our solutions.  
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?????????? ???????????? ??????????
In this chapter, we reveal our results from our interviews, site visits, observation, a 
previous study, and workshop. 
 
??????????????? ?????????????????
We interviewed the stakeholders reported in Table 5 to fully understand the core 
problems of plastic recycling at different stages and their opinions. By talking to these 
representatives in Table 5, we were able to more clearly see the issues caused by improper 
recycling from households. The representatives from each stakeholder expressed their 
concerns about problems with recycling plastic, which are summarized in section 5.2. All 
interviews were conducted informally during our site visits and observation, and the complete 
summaries can be found in Appendix B.  
Table 5. List of Stakeholders 
????????????? ????? ??????????????? ????????? ??????????????
??????? ????????????????? ? ?????????????? ??????????? ?
?????????? ???????????????? ?????????? ?????? ???????
???????????????
????????? ???????????????? ?????????
???????????????
?????????
???????????????
???????????? ????????????????????? ??????????????? ???????? ???????
???????????????
?????????????????? ????????????? ? ? ???????????????
???? ????????????????
???????????
????????
??????????????
???????????
???????????????
????????????? ?????????????????????
?????????????
???????
??????????
??????????
????????
???????????????
?????????????????? ????????????? ???????????????? ???????? ???????
??????????????
??????????????????????????? ?
?????????
??????????
????????????????
?????????????????
????????
?????????????????
???????????
??????????????
???????????????? ????????????????????? ??????? ??????
???????????
????????
???????????????
??????????? ??????????? ???????????????????? ???????????????
???????????????
?????????????????????? ???????????????? ?????????????? ???????? ???????
???????????????
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???????????????????????????? ???????????
From our interviews with different stakeholders, we accomplished Objective 1, which 
was to identify the core problems of plastic recycling from different stakeholders’ 
perspectives. The Danish waste sector is rather complex, with various stakeholders holding 
different functions and responsibilities. Since we met with stakeholders who deal with 
various recycling stages, we decided to group the problems based on the stages of recycling 
ranging from collection to distribution. We also provided some possible solutions that we 
obtained from our findings. The overview of recycling process can be reviewed in section 
2.2.1. 
??????????????????
Table 6 summarizes the problems associated with collecting plastic as well as 
possible solutions to these problems. 
Table 6. Problems with Collection 
???????? ????????? ???????????????????
????????????
• ???????????????????????
• ????????????????????????????
??????????????
• ??????????????? ??????????????????????
• ??????????????? ???????????????????????
???????????????????
• ???????????????????????
??????????????
???????
• ????????????????????????????????
??????????
• ???????????????????????????????
• ???????????????????????????
• ??????????????? ??????????????????
????????????????????????????????????
????????????????
• ???????????????????????????????????
????????????????????????????????????
??????????????
????????
?????????????
• ?????????????????????????
????????
• ??????????????????
• ???????????????????????????????????
????????? ?????????????????????
??????????????
• ???????????????????
???????????? ?????????????
????????????????????????
• ?????????? ?????????????????????? ????
??????????????????? ??????? ??????????
????????
?? ??????????????
? ????????
???????
• ?????????????????????????
????????????????????
• ???? ???? ????????
???????????????????????????
• ?????????????????????????????????
????????????????????????????????????????
? ???????????????
?????????????
• ????????????????????????
????????????????????????
??????????????????????????????
??????
• ???????????????????????????? ???????
???? ??????????????? ???????
???????????????? • ???????? ???????????????????
• ?????????????????????????????????
???????
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Collection from households is necessary for plastic to enter the recycling process. 
This point is critical, for it will determine the later processes. One of the main problems is 
finding the best collection scheme that will satisfy the citizens and municipalities in terms of 
convenience, time, cost, and resources. There is no absolute answer regarding which 
collection scheme is the most effective. Several studies have been conducted by Larsen et al. 
in 2010 and Christensen in 2011 to assess the efficiency of curbside and drop-off collection. 
Within curbside, there is a discussion whether it is more beneficial to use single-stream or 
multi-stream. However, due to Denmark’s waste management system and structure, it is 
impossible to point out which method will work best for all 98 municipalities because each 
municipality operates its own scheme. Therefore, it is also difficult to unify a solution 
because of the existence of 98 different solutions. For this problem, it is best to have a 
scheme that fits the municipalities’ needs and demographics.  
The next question concerns the number of fractions needed for separation. There are 
different types of plastic, and as of now, they are separated into two types: hard and soft 
plastic. Should the plastic be separated to a greater extent than it is now? If source separated, 
how many fractions should there be? Would citizens be willing to source separate? For 
curbside collection, the citizens might already have many bins for other recyclables, so 
adding bins might take up additional space at their property. This issue with fractionation is 
linked to the sorting technology and the quality of recycled plastic required by manufacturers.  
Municipalities have to think about their waste collection roles. Should they provide 
this service or outsource it to private companies? Some municipalities think it is more 
economical if they collect on their own, but others concluded that it is cheaper to outsource 
collection to another company, such as a transportation company. This decision depends on 
the available budget and the type of transportation services available in the area.  
It is important to know how to communicate essential information to citizens. 
Different communication methods have been tried; however, municipality companies and 
municipalities reported that most citizens tend to ignore printed media. When holding events, 
municipalities have to find a time that will fit around the citizens’ schedules. Citizens can be 
reluctant to attend if they think there is no benefit; therefore, citizens have to be motivated. 
An effective solution is combining different methods of communication, such as printed 
materials, events to raise awareness, and word of mouth.  
If municipalities have to change the collection system, resistance from citizens may 
occur. It may take some time for citizens to break their habits, and it will also be costly to 
-30- 
implement the new system. Municipalities have to be careful when making changes and 
ensure that the benefits outweigh the costs.  
Municipalities should also pay attention to their respective demographics to optimize 
the collection methods. They must know what the citizens’ need, and this can be done 
through conducting surveys and hearing their opinions.  
The amount of plastic collected from household waste is supposedly not high enough 
for later recycling processes, which is a problem for manufacturers. How can we increase the 
quantity of high-quality plastic for manufacturing? The answer to this question is related to 
how plastic from households should be collected. 
?????????????????
Table 7 summarizes the problems associated with separating plastic as well as 
possible solutions to these problems. 
Table 7. Problems with Separation 
???????? ????????? ???????????????????
??????????????
• ???????????????????????????????
???????????
• ???????????? ???????
• ??????????????????????????????
?????????
• ??? ???????????????????????
• ????????? ?????????????????????
??????????????????????????
????????????????????
• ????????????????????????????????
????????????????? ???????
????????????????????
• ?????????????????????????????
• ?????? ??????????????????????
????????????
• ????????????????????????????????????
???????????????????????????? ?????
?????????????????????????????????
???????????????????? • ????????????????????????????????????????
• ?????????????????????????????????
??????????????????????
????????
????????????
• ?????????????????????????
?????????????????????????????
??????????
• ? ??????? ???? ???????
???????????????? ???????
• ??????????????????????? ????????
???????
The separation stage is interconnected with the collection stage. The state of 
separation technology determines the collection method, particularly for curbside, whether to 
conduct it single or multi-stream (see section 2.4.1.1).  
Black-colored plastic is a big problem at this stage since it cannot be detected by 
infrared technology; the black color cannot reflect the absorbance reading and this confuses 
the machine for the sorting process. Therefore, black plastic is often unwanted in the waste 
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stream. However, it is used in a variety of products because it is cheaper. Some solutions for 
this issue include having a new fraction just for black plastic, or inventing a new technology 
that can detect black plastic. Also, sorting facilities should consider manually sorting black 
plastic either before or after infrared sorting.  
The technology for sorting in Denmark is still limited. Plastic that is covered with 
dirty contaminants and plastic products made of different polymers cannot be detected 
properly. Soft plastic films can get stuck on the machine components, so they have to be 
shipped off to countries with more advanced technology. This may cause a loss of resources 
and opportunities for Denmark.  
Plastic that is used for food containers can develop odors if left unclean for a long 
time. Since collection in Denmark generally happens once a month, there is a question of 
whether it is worth investing in cleaning technology. Cleaning technology can be expensive, 
and the volume of plastic waste generated in Denmark may not fulfill the quota for 
economies of scale. One solution would be to encourage the citizens to clean their plastic and 
other packaging recyclables, which will be elaborated in section 5.6.2. If collected plastic is 
clean, it can potentially increase the amount of high-quality plastic for manufacturing. In 
addition, plastic may become a source of potential disease if mixed with other waste. 
Therefore, companies have to make sure that the working environment is safe for their 
workers. 
?????????????????
Table 8 summarizes the problems associated with processing plastic as well as 
possible solutions to these problems. 
Table 8. Problems with Processing 
???????? ????????? ???????????????????
??????????? • ???????????????????? • ??? ????????????????????????????????????????????????????
??????? • ??????????? ??????? • ? ?????? ??????????????????????????????
Processing deals with baling or compacting the plastic together so it can be 
transported easily and more economically. This stage is labor- and machine-intensive. During 
this stage, workers put the separated plastic into a compactor, which will compact it into 
dense bales. It is important to have a safety mechanism to prevent workers from falling into 
the machine. Figure 9 shows a compactor machine with a safety mechanism. In case of an 
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accidental fall into the machine, there is a sensor along the red bars that will stop the machine 
immediately. We observed that the processing stage has been adequate in Denmark, and there 
are not too many issues other than worker safety and making sure there is sufficient plastic 
for baling. 
 
Figure 9. Compactor machine with safety mechanism 
 
?????? ?????????????
Manufacturing determines whether or not the collected plastic will be converted back 
into the same product. It is important for manufacturers to communicate their needs to the 
collectors clearly because the manufacturers have to fulfill the demands and standards from 
their customers for their products.  
Adding additives to recycled plastic for manufacturing new products can enhance 
their physical and chemical properties; however, additives can lower recyclability of the 
plastic and may harm the users. The EU’s REACH regulation was designed to guide 
manufacturers to use these additives safely. Obviously, the Danish EPA should make 
companies follow this regulation. Table 9 summarizes the problems associated with 
manufacturing plastic as well as possible solutions to these problems. 
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Table 9. Problems with Manufacturing 
???????? ????????? ???????????????????
?????????????????????
????????
• ??????????????????
• ??????????????????????????
??????????
• ?????????????????????????????
??????????????? ?????????????
??????????
• ????????????????????
• ??????????????????????? ???
????????????????????????
• ??????????????????????????????
??????? • ???????? ???????????????????????????????????????
• ???????????????????????????????????
• ??????????
???????????????????
??????????
• ??????????????????????????? • ????? ???????? ?????????????????
?????
??????????????
???????????????
• ??????????????????????
??????????
• ??????????? ????
• ???????????? ??????????????????????
???????
• ????????????????????? ???????
• ?? ???????????????????????
???????????
• ????????????????????????????????
???????
• ?????????????????????????????
??????????
??????????? ?????
• ????????????????????????? • ????????????????????????????
??????
• ??????????????????????????????
???????? ???? ????????????
????????????
Unfortunately, manufacturers have to work with a volatile market. Recycled plastic is 
not a popular substitute to virgin plastic due to the perception that recycled plastic is not an 
ideal raw material. However, using these materials can reduce the production cost. 
Manufacturers have to advertise to their customers the benefits of using recycled plastic. 
Manufacturers also expressed that due to the low collection rate from households, the 
quantity of plastic for production fluctuates. The manufacturers need to have a constant 
supply of materials for efficient production. 
The awareness of environmental impacts has changed, and consumers prefer 
environmental-friendly products from “green” companies. One of these companies is Coca 
Cola Enterprise in England, see Figure 10.  
The Coca Cola Enterprise collaborates with a recycling plant to collect back PET 
bottles for recycling. The recycled PET is then manufactured into new Coca Cola bottles. 
This is a good example of how a company can show environmental responsibility and 
concomitantly maintain close-loop recycling.  
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Figure 10. Initiative by Coca Cola Enterprise to promote full circle recyclingj 
Another concern is, again, safety for workers and controlling emissions to the 
surroundings. Waste from production can pollute the environment if it is not pre-treated. 
Companies have to abide by regulations and find a way to emit less pollution.  
?????? ????????????
Table 10 summarizes the problems associated with distributing plastic as well as 
possible solutions to these problems. 
Table 10. Problems with Distribution 
???????? ????????? ???????????????????
??????????????? • ???????
• ???????? ???????????
• ??????????????????????????????
??????????????
???????????????
• ?????????????????????????????????????
?????????
• ?????????????????????????????
???????????? ??????????????????
?????????????
????????
??????????
• ??????????????????????????????? • ????????????????????????????????
????????????
• ?????????????????????????????
????? ?????????????
?????????
???????????
• ????????????????????????????
• ????????????????????????????????????
????????????????????????????
• ??????????????????????
       
j Note. From “Before and After Joint Venture” by Coca-Cola Enterprises. Retrieved from < 
http://ccestaging.amaze.com/media/58425/gb%20recycling%20before%20and%20after%20joint%20venture%2
02.pdf> 
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Most of the problems in the distribution stage are similar to those in the 
manufacturing stage. However, distribution deals with several transportation issues. 
Distributors should consider a system to transport efficiently and effectively. Additionally, 
they should take into account the export and import taxes of different countries. 
Manufacturers and distributors need to share the same information about products in order to 
prevent knowledge from being lost. Customers also have a bad perception of recycled plastic. 
Recycled plastic is perceived as unsuitable for manufacturing food containers, medical 
equipment, and toys; however, this is not the case. For example, in Austria, manufacturers 
can produce food containers from recycled PET with certain certifications. For this 
distribution stage, increased communication between stakeholders is critical for improving 
the flow of information and promoting the use of recycled plastic.  
?????? ??????????????
Table 11 summarizes the other barriers associated with recycling plastic. 
Table 11. Other Barriers for Plastic Recycling 
???????????????
??????????????
• ?????????? ????????????
• ???????????????????? ???????????????????????
• ??????????????????????????????
??????????? • ????????????????? ??????????????????????
• ??????? ?? ?????????????????????????????????????
??????????????????????
• ???????? ????????????????????????????????????? ?????????? ???
• ???????????????????????????
• ??????????????????????
???????? ?????? • ?????????????????????????????????????
• ?????????????????
???????????????????? • ???? ???????????????????????????????????
• ?????????????????????????????????????????????
There are other barriers that limit the overall recycling process. The EU and the 
Danish EPA restrict the sector and set targets in order to maintain the waste management 
system. For instance, if the plastic did not get manufactured and has to be shipped for further 
processing (in the case of soft plastic), the EU’s Waste Shipment Responsibility ensures that 
the plastic does not get landfilled somewhere else. Because plastic can be recycled a limited 
number of times before losing its properties, there is always a question of having it upcycled 
or downcycled. Upcycling product results in a better quality of the finished product, while the 
opposite is true for downcycling (Fabiansen, 2013). For example, a batch of plastic may have 
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been used for high-quality children’s toys but after recycling, it may have been used for 
either low-quality (downcycling) or high-quality (upcycling) trash bags. There is a loss of 
potential and value for downcycling, so ideally, stakeholders want to have closed loop 
recycling, where the same plastic is used to make the same products (National Energy 
Education Development Project, 2012).  
Due to the size of Denmark, it is difficult to reach economies of scale, which leads to 
business barriers. To build a recycling plant, Denmark always faces a problem with not 
having enough waste for efficient processes. Therefore, some points for consideration include 
scaling down the processes specifically to Denmark’s size so that it can be carried out within 
the country. 
Having too many stakeholders involved in the sector also brings disadvantages. Since 
the plastic keeps being transferred from one point to another, it is difficult to ensure that it 
will be recycled at the end. For example, if it is exported to Germany or other countries, 
stakeholders might not be able to confirm whether the plastic ends up being recycled, 
incinerated, or landfilled. Thus, it is critical to improve communication between stakeholders 
to keep the information clear. Additionally, keeping the whole recycling process domestic 
can improve this issue.  
???????????????????? ???????????????????????????????????
To accomplish Objective 2, we visited and observed recycling facilities in different 
areas of Denmark. Of the separating, processing, and manufacturing facilities that we visited, 
we have determined that they are quite adequate. However, these facilities still face 
challenges as outlined in section 5.2. 
The recycling centers were, for the most part, well designed. There was enough space 
for cars to drive through as well as a sufficient number of containers for many fractions. 
Ringkøbing-Skjern did an excellent job with the aesthetics of its recycling center. The 
containers were mostly underground, which prevented any unwanted odors from manifesting, 
as shown in Figure 11. The underground containers can be designed for people of all ages to 
enjoy such as the boat-shaped container in Figure 12. 
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Figure 11. Underground containers 
 
Figure 12. Boat-shaped containers 
The container openings were also designed well. They were designed to be low 
enough so that the citizens could drop off their waste without too much physical effort, but 
high enough to prevent accidents, for instance children falling in (see Figure 13). 
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Figure 13. Proper design of containers 
In addition to the containers, Ringkøbing-Skjern designed a wall that not only served 
as a decorative purpose, but also served as a practical means of reducing the noise generated 
by the recycling center (see Figure 14). 
 
Figure 14. Decorative wall in Ringkøbing-Skjern recycling center
 
In addition to Ringkøbing-Skjern, we also visited the recycling center at 
Vestforbrænding. Figure 15 shows that it was not as well designed as the recycling center at 
Ringkøbing-Skjern. This center was smaller, and the containers were designed so that one has 
to climb steps in order to deposit his waste. 
-39- 
 
Figure 15. Recycling center at Vestforbrænding 
This would be a problem for those who are elderly or disabled, since significant 
physical effort is needed to deposit waste. However, Vestforbrænding does a good job in 
educating their citizens about the waste system by displaying charts around the facility, as 
seen in Figure 16.  
 
Figure 16. Educational chart in Vestforbrænding 
The charts are easy for children to understand since there are cartoons drawn in the 
charts. In addition, the worker we spoke to at Vestforbrænding was young and extremely 
enthusiastic about his job. Citizens would be more likely to recycle their waste if more of 
these workers were present. In addition, Vestforbrænding expressed its desire to have either a 
sound wall or a similar barricade constructed to collect rainwater (for aesthetic purposes). 
-40- 
?????????????????????????????????????????????????????????
As discussed earlier, RenoSyd I/S conducted a study in order to determine different 
recycling behaviors and assess the potential for behavioral change. From the data gathered, 
RenoSyd I/S was looking to optimize communication with its customers and the customers’ 
overall experience of the services provided. The study was done in three phases. The first 
phase involved six focus groups (fifty people total) with different demographics. The second 
phase consisted of observations in the homes of eight participants. The third phase was 
observations and interviews at recycling centers. RenoSyd I/S was able to qualitatively 
determine seven different profiles (Svendsen, 2013). These seven profiles helped us in 
formulating our solutions. 
????????????????????????????????????????????
This person represents the desired recycling behaviors in order to make the world a 
greener place. The person is generally a man of at least 40 years of age with fully-grown 
children. He lives close to RenoSyd I/S and represents the people that companies, like 
RenoSyd I/S, want to target. He is primarily motivated by the belief that we need to create a 
better world. His main issue is that RenoSyd I/S’s initiatives do not satisfy him; in other 
words, he is willing to take more daring initiatives to make the world greener. He needs to be 
guided by someone else, like RenoSyd I/S, so that he can continue to make the world a better 
place. He wants to be told how to source separate his waste in a better way as well as how he 
can make an even bigger difference in the society. He has the potential to truly assist 
RenoSyd I/S in communications, marketing, and product development. Figure 17 is a chart 
summarizing this person’s behaviors, with 10 being highly characteristic of the person or 
highly important to the person: 
 
Figure 17. Anders ANSVAR’s personality 
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????????????????????
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???????????
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?????????????
????????????
??????????????
??????????
????????????
???????????????????
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???????????????? ???????????????? ???
This person represents someone who does not know a lot about the environment but 
wants to learn more about improving it. This person is generally a female of about fifteen to 
eighteen years of age or younger. She could either be living at home with her parents or have 
just left home as a young adult; she may change her views of the environment after she leaves 
home. It is possible that she lives close to RenoSyd I/S. She is primarily motivated by the 
beliefs that she can make a difference and that we must save the world. Her main obstacle is 
that she does not know how to go about making a difference, so she wants to be taught how 
to do so in order for her to make the world a better place. With RenoSyd I/S’s help, she can 
learn to be the ideal customer that recycles correctly. She is probably in the majority of her 
generation with respect to how she views the environment. Figure 18 summarizes her 
characteristics and behaviors, with the same parameters as before: 
 
Figure 18. Lærke LÆR MIG’s personality 
?????? ?????? ????????????????????????
This person is somewhat similar to Anders ANSVAR (see section 5.4.1). He is 
typically a man of at least 40 years of age with fully-grown children that are not living with 
him. He is somewhat close in proximity to RenoSyd I/S, but he could potentially be even 
closer. He is one of the people that RenoSyd I/S wants to target, but the people that represent 
his behaviors is a larger group than the people that represent Anders ANSVAR’s behaviors. 
He is primarily motivated by the belief that waste should be handled, and it is something to 
be exploited. His main obstacle is that he believes that there are better, more convenient 
initiatives to be taken than the ones RenoSyd I/S is taking now. Like Anders ANSVAR, he 
??
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????????????????????
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wants to be guided by RenoSyd I/S so he can make the world a better place. He wants to 
learn better ways to source separate waste and utilize resources. He also has the potential to 
assist RenoSyd I/S in communications, marketing, and product development. Figure 19 
summarizes his characteristics and behavior, same criteria as before:  
Figure 19. Henrik HANDLING’s personality 
?????????????????????????????????????????????????????
These people represent the typical young family with one or more young children. 
The parents are at least 25 years old and may have careers. As their young children get older, 
the parents might change their mindsets similar to those of Henrik HANDLING (see section 
5.4.3) or, to a lesser extent, Anders ANSVAR (see section 5.4.1). They are not too close in 
proximity to RenoSyd I/S. They are primarily motivated to make their daily activities and 
logistics work out with each other, so convenience is a big issue for them. While they want to 
do the right thing, they need help in managing their time. They can be motivated to sort 
properly if sorting is easy and the containers are highly visible and accessible. Figure 20 
summarizes their behaviors with the same criteria as before:     
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Figure 20. Trine and Thomas TRAVL' personalities 
??????????? ???????????????????????????
This person cares a lot about the aesthetics. The person is typically a female of at least 
eighteen years of age. She may or may not have started a family. If she has started a family, 
she may have either young or older children. She does not live too close to RenoSyd I/S, and 
she represents a larger target group. If she has young children, her behaviors may change to 
those similar to Trine TRAVL (section 5.4.4). In other words, convenience would become 
more important than aesthetics. She is primarily motivated to maintain a beautiful home. Her 
main obstacle is that the aesthetics and convenience do not satisfy her. She wants to keep her 
home beautiful, so she may be useful for RenoSyd I/S for product development. Figure 21 is 
a chart summarizing her behaviors, keeping the same parameters as before:     
 
Figure 21. Iben ÆSTETIKER's personality 
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????????????? ???????????????????????
This person represents the elderly population and is typically a man of at least 60 
years. He is retired with no family and lives at home. He does not live close to RenoSyd I/S. 
As he ages, he usually gets weaker both physically and mentally. The weaker he gets, the 
more insecure he becomes about certain things, such as the environment. He is motivated by 
the willingness to handle everyday life on his own despite his advanced age. He wants to be 
told how the municipal waste plan will make his life easier, or at least no more difficult than 
it is today. It is important for RenoSyd I/S to take care of these people since they feel 
powerless and they could create bad publicity about RenoSyd I/S and its waste plan. Figure 
22 summarizes characteristics of this group, with the same parameters as before:         
 
Figure 22. Alfred UTRYG's personality 
???????????????????????????????????????
This person is at least eighteen years old and does not live close to RenoSyd I/S. This 
group is a wide and large target group. His biggest motivation is to get waste out of his home, 
and he does not care how it is taken out. His biggest obstacles are a lack of convenience as 
well as visibility of the containers. He wants to be told how it will be extremely easy to sort 
waste, and he will be motivated to sort waste properly only if the containers are highly visible 
and accessible. Figure 23 summarizes his behaviors, with parameters being the same: 
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Figure 23. Leif LIGEGLAD's personality
???? ???????? ??????????????????????????????????
We conducted a workshop to disclose our findings on April 18th, 2013. We presented 
for the first hour and then discussed which solutions were feasible and which solutions 
needed more exploration. For the presentation, we began with a brief background of plastic 
and provided contextual examples to show the positive environmental impacts of recycling. 
Then, we defined the overall recycling process (section 2.2.1) and explained the different 
stakeholders in the waste sector (section 2.2.3). Subsequently, we discussed different EU 
regulations and some of the current issues with household collection. Finally, we described 
our project goal, objectives, results and solutions to the experts. In this section, we will 
explain the overview of the solutions for our workshop and the feedback we received for each 
solution. 
?????? ??????????? ????????
We presented our results in the form of tables as shown in section 5.2 and highlighted 
all of the major issues concerning each stage of the recycling process as well as other 
barriers. The experts were impressed that we understood all of the problems in each stage, 
and added that they debate these issues on a daily basis. Next, we unveiled the results of the 
study conducted by RenoSyd I/S and revealed the seven profiles of recycling behaviors. 
Finally we began discussing the solutions.  
The first proposed solution consisted of changing the citizens’ overall perception on 
recycling. We pointed out that people are most likely to change their behavior if there is an 
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associated incentive. Financial incentives are regarded as the most effective type of incentive 
(Shaw & Maynard, 2008). Another solution consisted of defining “clean plastic.” We 
suggested various “tips and tricks” that households can use for cleaning plastic so that it has a 
better chance of being recycled.  
Finally, we recommended short- and long-term solutions. For short-term solutions, we 
mentioned communication strategies to enhance recycling from apartments as well as 
teaching foreigners the recycling strategies in Denmark. Additionally, we revealed the 
different examples of well-designed recycling centers and focused on initiatives to promote 
the use of the drop-off scheme. For long-term solutions, we cited strategies for the Danish 
EPA and other parties. All of the presented solutions are discussed in more depth in sections 
5.6 and 5.7. 
???????????????????? ????????
During the presentation, the experts pointed out some minor adjustments that could 
make our work more effective. Regarding the light bulb example in section 2.3.3, the experts 
appreciated this real-life example because it put the energy savings into perspective. They 
also shared some statistics about waste generation in order for us to refine Table 2 as well as 
providing information about the project conducted by the Danish EPA in section 2.3.1.  
In terms of feedback for our solutions, they advised us to add social aspects to 
recycling centers such as cafes or shops. This idea comes from various recycling centers in 
Sweden where the local authorities are trying to encourage recycling and change the 
perception of recycling centers as being dirty or boring. The experts also articulated that there 
should be stage performances or walls for citizens to produce artwork to create a more 
interesting environment. More suggestions to promote recycling centers included creating 
social media pages online or for mobile devices. The experts stated that stimulating interest in 
the recycling centers will make their function more effective for citizens. Another important 
point concerns the placement of the incineration containers at recycling centers. The 
incineration containers should be placed the farthest from the entrance to prevent citizens 
from throwing all of their waste into that container(s). This will also help in changing the 
citizens’ perception that “all of the waste is incinerated anyway, so why bother separating it” 
(Werther & Winkler, 2013).  
Alternative solutions discussed with the experts included better communication and 
changing citizens’ perception of recycled plastic. In terms of communication, the experts 
expressed that creating a well-developed communication protocol would be invaluable to the 
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recycling system. Frequently, information is lost when waste is transferred among the 
stakeholders. In creating a better communication system, municipalities will be able to 
address issues regarding the households’ perspectives as well as improve the cooperation 
between the companies and municipalities. The experts alluded to the Danish EPA saying 
that the latter will play a key role in determining the extent to which communication can be 
improved. Additionally, the experts conveyed interest in whether recycled plastic should be 
used in food packaging. Currently, only virgin plastic is used in food packaging, which could 
be unnecessary. The experts pointed out that it is only a perception that recycled plastic is 
“dirty.” Perhaps recycled plastic can be used in food packaging as long as it is clean and 
ensures similar qualities to virgin plastic. Consumers are the ones that need to change their 
outlook on recycled plastic in order for it to be used for food packaging applications. 
When discussing the producer responsibility, the experts noted that Denmark has 
chosen not to introduce a producer responsibility on packaging waste because they are not 
sure if the system is effective. However, they noted that adding additives into plastic will 
greatly reduce recyclability, and instating a producer responsibility can lessen the use of these 
additives. Additionally, they voiced issues in black plastic, and creating a producer 
responsibility could also diminish its use, especially in food packaging. They informed us 
that the Technical University of Denmark (DTU) has created new technology called 
Nanoplast, which etches into plastic surfaces to create different colors. The plastic used for 
this application is clear; however, the reflected light from the plastic shows one color due to 
the etched surface. The plastic surface also repels most food contaminants so that the plastic 
can be easily cleaned. Figure 24 shows the plastic surface repelling water droplets. 
 
Figure 24. Nanoplast technology to facilitate cleaningk 
       
k Note. From About Nanoplast, by DTU. 16 April 2013. Retrieved from 
<http://www.htfnanoplast.dk/About%20Nanoplast.aspx> 
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?????????????????????????
Changes can take some time to implement. In this section, we will offer solutions that 
can be implemented within one to two years by stakeholders in the waste sector to improve 
the recycling system.  
????????????????????
As mentioned before, communication between stakeholders must be clear. Plastic 
recycling involves participation of many stakeholders, and it is very easy to lose the 
information from one another without proper communication. Before collection, collectors 
have to check with manufacturers and distributors for the type of plastic needed. Collectors 
also need to check with sorters for a suitable method of collection for the sorting technology. 
From there, the collectors, or the municipalities in this case, must communicate to the citizens 
clearly what they need. Municipalities play a major role in this recycling process with big 
responsibilities.  
An example of good communication between municipalities and citizens is 
implemented by RenoSyd I/S. RenoSyd I/S informs the citizens about their collection process 
and recycling efforts through a magazine that is distributed twice a year. RenoSyd I/S also 
hosts annual events to educate the households about recycling. Their motto is “tell me 
something and I forget it, show me a thing and I might remember it, give me an experience 
and I will never forget it” (Svendsen, 2013). 
There should also be good communication between the citizens themselves. 
Municipalities should encourage interaction between citizens to help create a better recycling 
system. In apartments specifically, the caretaker should act as an effective middleman to 
transfer information to its tenants. Special attention should be paid to foreigners due to the 
language barrier. 
????? ???????????????????????????
A number of municipalities and municipality companies that we visited had expressed 
concerns about the quality of collected plastic. Municipalities encourage citizens to rinse or 
clean their plastic, but sometimes the information is unclear, and citizens are confused to 
what degree plastic should be clean. They think that plastic food containers should be washed 
in the dishwasher, but at the same time, it defeats the purpose of recycling since washing in 
the dishwasher will use more resources such as electricity, water, and soap. When we talked 
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to Vestforbrænding, the person said that plastic should be rinsed but there is no need for the 
dishwasher. Since there is no standard definition of clean plastic, we decided to come up with 
one that is modified for Denmark. Municipalities are encouraged to adopt and promote this to 
their citizens. The basic definition of clean plastic is plastic that is free from dirt, food scrap 
and other residues. However, this does not tell us the extent of the definition. We developed a 
step-by-step procedure on how to clean plastic; it is shown in Figure 25.  
Figure 25. Procedure for cleaning plastic 
Only a small amount of cold water is required to rinse the plastic. Citizens do not 
need to use hot water or soap as using those wastes more resources (Bond, 2008). We use the 
water to help clean off the residue; however, if the residue is too hard to come off, citizens 
can soak the plastic in water for a while or overnight. Citizens are encouraged to reuse an old 
toothbrush to help scrubbing off the residue; this also promotes reusing of old items and the 
idea of recycling. The plastic should be dried, which can be achieved by air-drying. This is 
needed because if plastic is disposed with water, it can create the right environment for 
bacteria and microorganisms to grow. The problem can be serious since collection usually 
happens once a month. This method is also suitable for other recyclables, especially if the 
plastic is collected co-mingled. Citizens can also utilize “gray water,” or water that has been 
used for other purposes such as from washing dishes, for rinsing plastic (Grey water). 
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Sometimes, citizens are confused about whether they should keep the caps or lids on the 
plastic products. Citizens should check with the municipalities, and municipalities should 
also inform the citizens clearly to avoid confusion and misunderstanding. Citizens are also 
encouraged to keep their recycling containers or bins closed to prevent entry of water or other 
agents that can promote bacteria growth.  
????????????????????????
Through our observation and study, we concluded that the collection system in 
Denmark is adequate. The two main types of collection, curbside and drop-off schemes, have 
served the citizens well to get their waste disposed of. Most municipalities offer both 
services, so the citizens have the flexibility to dispose their waste at their own convenience. 
However, at some municipalities, due to space and physical restrictions, they only have 
limited choices. Despite the limitations, the collection rates are generally high, yet they still 
can be improved. In this section, we will provide some short-term solutions that can be 
implemented by the stakeholders who are involved with collection.  
????????????????????????????
Through our observation and evaluation, we believe that the curbside collection has 
been successful and sustainable so far. Municipalities use their own judgment to determine 
the most effective and efficient recycling system according to their available resources, 
budget, and time.  
Communication between municipalities and citizens, however, needs to improve. As 
mentioned before, municipalities have to be transparent and communicate their needs well to 
the citizens. If plastic has to be clean when collected, the municipalities need to communicate 
clearly what clean plastic is. For example, in section 5.6.2, we included an example of how to 
clean plastic. We adjusted our solutions to Denmark’s system, where plastic is collected once 
a month. We also found a way to clean plastic without using up resources. 
???????? ???????????????
In this section, we will describe the results of what we have discovered regarding the 
drop-off scheme as well as possible short-term solutions for improvement. 
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??????????????????
The recycling centers we visited are designed well overall, but improvements can be 
made in some areas. First and foremost, there needs to be enough space for cars to get 
through. Thus, municipalities should inspect their recycling centers and evaluate whether or 
not more space is needed. Next, recycling containers should be redesigned similar to those at 
the Ringkøbing-Skjern facility: low enough so citizens can dispose of their waste without 
much effort, but high enough to prevent children from falling in. Making these containers 
underground would help improve the aesthetics of the recycling center and make it more 
appealing to the citizens. Other methods to improve the aesthetics include a decorative wall 
to reduce the noise level and a miniature blue-green space for rainwater collection. Hiring 
more enthusiastic workers who are willing to help citizens recycle their waste would be very 
helpful in engaging the citizens in the recycling process. Finally, changing the hours of 
operation to fit citizens’ work schedules would be beneficial. 
??????????????????
The longer hours of operation make recycling stations more convenient, time-wise, 
but there is room for other aspects to improve. It would be useful to have clearly labeled 
signs at recycling stations to help the citizens sort their waste. In addition, the recycling 
station should be placed strategically such that they can easily be seen. The recycling bins 
should be designed so that the citizens can deposit their waste without too much effort. The 
recycling stations should also be visually appealing to attract citizens as shown in Figure 26. 
Figure 26. Attractive recycling stations 
???????????????????
If citizens have access to deposit-and-return systems in their local supermarkets, then 
they should take advantage of them. If they do not, then they should try crushing their bottles 
before recycling in order to save space. Thus, the amount of material recycled each time 
-52- 
would increase, which would increase the overall output of material being fed into the 
system.  
????????????????????????
After analyzing our data and refining our solutions with the suggestions provided by 
the experts from our workshop, we have come up with some long-term solutions. Long-term 
solutions may take at least five years to implement. In this section, we will begin by 
providing solutions from an educational standpoint. Then, we will discuss the solutions for 
the Danish EPA and different ways to implement a more effective waste management 
system.  
 
????????????????
Integrating recycling into the education of children can instill an appropriate mentality 
about recycling from a young age. If children learn about the benefits of recycling, they will 
be more likely to motivate others to participate in handling waste properly. The children can 
teach their parents about the waste management system. Stimulating interest in recycling 
from a young age will only create a greener society. 
Not only should children learn about recycling in school, but also they should take 
trips to recycling facilities. This can change the perception that “all waste in Denmark gets 
incinerated.” Touring recycling facilities can teach children about the recycling process and 
give them a hands-on experience. Trips to these facilities will likely be more helpful in 
igniting the children’s interest in waste management than learning about recycling in a 
classroom setting. Figure 16 is an example of one way that the recycling centers owned by 
Vestforbrænding educated children about the recycling process. That figure is used to explain 
to children where all of their waste goes. The picture includes recycling facilities, 
incineration facilities, and landfills. It depicts the flow of waste from households to these 
facilities and the parties involved in handling waste. 
To assist in educating students about the recycling process, companies are encouraged 
to build educational labs. A great example of one of these labs is the WasteLab at 
Vestforbrænding. Not only is the WasteLab used for research and development of better 
recycling technology, but also the lab improves the awareness of waste management as well 
as the use of the waste as resources. The target age group for the WasteLab is thirteen to 
seventeen years of age. The WasteLab has two courses: one in science to learn about life 
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cycle assessment while completing five experiments, and the other in social studies to learn 
about the municipalities and how they deal with financial, environmental, social, and 
practical aspects of waste handling. Visits to the WasteLab are invaluable because they give 
students a profound experience to inspire their efforts in recycling. 
Another aspect for improving recycling efforts from an educational standpoint is for 
companies to sponsor student projects pertaining to waste management. ESØ enjoys helping 
students complete projects regarding recycling (Bendsen, 2013). In sponsoring projects of 
this sort, companies can take initiatives in encouraging students to be an integral part of the 
recycling process.  
?????? ????????????????????????????? ??????????????
Many of our proposed long-term solutions pertain to the Danish EPA. In this section, 
we will begin by discussing initiatives for setting targets about plastic recycling specifically. 
Then, we will explain the process of implementing an Extended Producer Responsibility in 
Denmark and the benefits and limitations of the system. We will conclude the section by 
discussing the effectiveness of standardizing collection schemes throughout Denmark. 
????????????????????????????????????????????
According to Kjær, major initiatives to improve MSW management in Denmark were 
taken before 2001 (2013). The landfill and incineration tax introduced in 1987 and total ban 
on landfilling combustible waste (i.e. plastic) have been the key drivers for treatment of 
MSW. The establishment of separate collection for paper, glass packaging, and garden waste 
has contributed to the increased recycling rate of MSW. Many minor initiatives for 
improving MSW management have occurred from 2001 to 2010. The Danish Waste Strategy 
1998-2004 set a target of 60 percent recycling for paper and cardboard waste from 
households. As a result, municipalities introduced separate containers at households for paper 
waste, and recycling centers expanded the types of waste accepted.  
The Danish Waste Strategy 2005-2008 incorporated the targets in the EU Directive 
for packaging and packaging waste. The municipalities were obliged to deploy collection 
schemes for metal packaging and certain types of plastic packaging (Kjær, 2013). In 2002, 
the introduction of the deposit-and-return system increased the amount of plastic and metal 
packaging waste, thus increasing the recycling rate. However, the potential of this scheme is 
quite small, and the scheme is not expected to have a great influence on the total recycling of 
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MSW. According to Kjær, the Danish Waste Strategy 2009-2012 did not focus on new 
initiatives for recycling MSW except a target for the collection of batteries (2013).  
Currently, Denmark is drafting a new waste strategy to cover the time period 2013-
2018. This plan needs to include new initiatives to fulfill the 50 percent target of MSW. One 
of the ways to meet this target would be setting goals specific to plastic recycling and reuse. 
It is essential that this strategy aims to improve plastic recycling specifically because its 
composition in MSW is steadily growing. Reaching the plastic recycling targets for the future 
can certainly help Denmark in achieving the 50 percent target by 2020.
?????????????????????????????????????????
The Extended Producer Responsibility, more commonly referred to as EPR 
(explained in section 2.3.2.3), is a long-term solution and, if implemented, can increase the 
recycling rate of MSW for various reasons. In the following subsection, we begin by 
explaining a detailed synopsis of the organization of typical EPR systems. Next, we will 
highlight successful EPR systems in other countries and explain some of the challenges 
associated with implementing these systems. Finally, we will explain related incentives for 
citizens to recycle with respect to the EPR. 
??????????????? ????????????????????????????
Producers within the EU face a vast array of legislation regarding EPR, which 
mandates their responsibility in financing and organizing the collection, treatment and 
recycling of their end-of-life products. EPR systems exist for various industries including 
packaging, batteries, and WEEE (Waste Electrical and Electronic Equipment). Producers 
commonly join together and form collective compliance schemes called non-profit producer 
responsibility organizations (PROs) to ensure compliance with EPR requirements (Mayers, 
2007). PROs can be established either by the producers themselves or by waste companies. 
These organizations determine how to set fees for each covered packaging material according 
to market share, recyclability of materials used, and other factors (MacKerron, 2012). 
Generally, brand owners would internalize these costs, but sometimes they pass a portion of 
costs to consumers included in the price of the product. They are developed to organize the 
waste collection from designated public and retail collection points, subsequent treatment and 
recycling, and reporting results to the national government (Mayers, 2007). According to 
MacKerron, producers that operate the PRO would be incentivized to identify opportunities 
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for efficiency to prevent their costs from increasing (2012). A table of the number of PROs 
for packaging, batteries, and WEEE in different countries is detailed in Appendix C. It is 
important to note that Denmark is the only country that does not have any kind of EPR 
system for packaging products. 
Although PROs differ in terms of organizational structure, specific operations, costs, 
and reporting requirements, they all fulfill the same basic function. Figure 27 shows the 
organizational flow of EPR. 
 
Figure 27. Organizational flow of EPRl 
The first step in the process involves the producers selling their products in retail stores. 
Included in the price of the products is the waste handling fee, which ensures that the waste 
       
l Note. From MacKerron, C. (2012). Unfinished Business: The Case for Extended Producer Responsibility for  
Post-Consumer Packaging. As You Sow. 
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will be handled properly. Each retailer pays the respective producer depending on the amount 
of each product sold. Then, the producers pay the PRO to handle the rest of the recycling 
process. The different PROs (for packaging, WEEE, etc.) are funded by the producers, and 
each PRO consists of a board of directors that oversees the producers and the finances of the 
PRO.  
The next part of the process involves the collection of waste, either by curbside 
collection or drop-off. For curbside collection, the collection scheme provided by the 
municipalities needs to accept that type of waste (commonly occurs for packaging waste). 
For drop-off, the consumers can either return the waste to retail stores that have set up 
collection schemes (most likely to occur for WEEE or batteries), or the waste can be dropped 
off at recycling centers that accept that type of waste. The PROs pay for these waste services, 
which are funded by the consumers buying the products. All of the collected waste is sent to 
recycling facilities where it is sorted and processed into bales for waste treatment. Finally, 
this secondary raw material is sent back to the producers to be manufactured into new 
products. It is important to note that this process is a cycle and after the return of secondary 
raw materials to the producers, the process repeats. 
???????????????? ????????????????????????????????
Many EU countries have EPR systems in place to handle waste properly. Two of the 
countries with a high success rate for their EPR systems are Germany and Belgium. In this 
subsection, we will begin by describing the effective EPR in Germany. Then, we will explain 
the EPR system in Belgium to show a different structure that is as efficacious. 
??????????????
The major PRO in Germany for packaging waste is known as Duales System 
Deutschland, or DSD. It was developed as a “dual” system separate from solid waste 
collection. DSD charges manufacturers and distributors a license fee to use a Gruener Punkt 
(Green Dot) logo on packages, which indicates that the product is accepted into the system. 
As explained in section 2.5.2, for curbside collection, Germans separate their Green Dot 
packaging waste into the Gelber Sack for it to be sorted and recycled thereafter. Many retail 
stores that sell Green Dot products provide collection stations for Green Dot waste as 
explained in section 5.6.2.2.1. DSD charges packaging producers based on the amount of 
material used, which provides an incentive for manufacturers to use the least amount of 
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materials for production. Packaging consumption dropped nine percent between 1991 and 
1996 due to lighter packaging, use of fewer composite plastic, and more easily recycled 
materials (MacKerron, 2012). EPR in Germany caused early shifts away from using PVC, 
PP, and PE (polyethylene) in plastic packaging and favored other plastic such as PET, which 
is the easiest to recycle (MacKerron, 2012).  
??????????????
The three regions in Belgium signed an agreement for identical legislation regarding 
EPR. The Belgian government places the obligation for handling packaging waste on the 
party responsible for creating the waste (i.e. producer, label retailer, importer). Through their 
own take-back system or accredited organization, these parties must meet the recycling and 
recovery targets provided by the government (MacKerron, 2012). The PRO for household 
PMD (explained in section 2.5.2) is known as Fost Plus, which represents 93 percent of the 
packaging companies market. Extensive awareness programs and engagement campaigns 
lead to the high participation in recycling programs for Belgium. According to MacKerron, 
high recycling rates in Belgium are also due to a focus on obtaining quality materials through 
uniformity in the system, ongoing communication between stakeholders, and cooperation 
with the municipalities (2012). Belgian local authorities only collect plastic at market value 
rather than creating a market for plastic as Germany does (MacKerron, 2012).  
???????????????
Although EPR systems are highly effective, they are a few challenges that are 
incurred when establishing the system. In Germany, DSD was referred to as a monopoly. 
Therefore, legal action requires DSD to allow competitors to share DSD infrastructure for 
collection and recycling services (MacKerron, 2012). Since 2008, nine companies in 
Germany compete to offer competitive services to collect, sort, recycle, and dispose of 
packaging using the same infrastructure. This resulted in economic competition among the 
companies and caused pricing of waste treatment to become confidential and privately 
disclosed. The competition has also caused PROs to meet minimum targets, which reduced 
the recycling of mixed plastic (MacKerron, 2012). Another issue of EPR system deals with 
“free riders”. These companies involve producers that do not join a PRO or pay licensing to 
these organizations. The free riders reap the benefits of the system such as waste collection 
and using the Green Dot logo on packaging without paying licensing fees. In Belgium, seven 
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percent of packaging producers are free riders and do not contribute to Green Dot initiatives 
(MacKerron, 2012).  
Table 12 establishes common issues arising from implementing EPR systems. 
Table 12. Issues Arising from the Implementation of EPRm 
EPR requirement Issue Consequence Solution 
Producers are 
responsible for 
waste 
Producers do not own 
waste 
Waste with value is likely 
to be lost to EPR 
EPR must take account 
of waste not captured 
under EPR 
Producers must 
organize collection 
Balancing of collected 
volumes with producer 
obligations does not 
arise automatically 
from market forces 
PROs can deliberately 
under- or over-collect to 
gain financial advantage 
Government must 
intervene to ensure 
PROs balance their 
obligations equitably 
Producers 
organize collection 
from 
municipalities and 
retailers 
Requires careful 
administration of waste 
and sales reporting, and 
also cost allocation and 
invoicing 
Calculating and allocating 
costs to producers has 
associated administration 
costs, but incentives for 
design changes are 
missing 
PROs may develop new 
and improved methods 
of cost allocation in the 
future 
EU member states 
may implement 
differing national 
legislation 
PROs and 
multinational producers 
must find solutions 
country by country 
EPR implementation tends 
to focus on national 
collection and 
pretreatment, not on the 
whole reuse and recycling 
chain 
Harmonization of 
categorization and 
reporting, and treatment 
standards may improve 
overall reuse and 
recycling 
The common issues with EPR systems stem from communication. Coordinating and 
standardizing a protocol for reporting costs can certainly alleviate many challenges faced by 
any EPR system. This system should be handled at a national level so that municipalities and 
local authorities can work together in an efficient and well-organized manner.  
????????????????????????????????????
There are several associated incentives for different stakeholders when implementing 
an EPR system. One of the major incentives involves financial incentives for citizens, which 
are deemed the most successful incentives (Shaw & Maynard, 2008). Since the proper 
handling of waste is included in the cost of products in EPR, citizens are more likely to 
dispose of their waste in an appropriate manner because they already paid for its disposal. 
Another incentive promotes awareness of waste issues. PRO EUROPE states that the 
       
m Note: From Mayers, K., Butler S. (2013). Producer Responsibility Organizations Development and 
Operations: A Case Study. Journal of Industrial Ecology: 17(2). 
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acceptance of EPR systems and Green Dot affiliated organizations has spurred significant 
changes in Europe’s packaging markets and consumer behavior (MacKerron, 2012). The 
internalization of waste disposal costs is incorporated in product prices, and the introduction 
of public waste separation systems for packaging waste promotes awareness (MacKerron, 
2012). Additionally, EU Framework Directive on waste is responsible for developing new 
secondary markets for raw materials, as depicted in Figure 27. Although it is difficult to show 
any clear relationship between costs charged under EPR programs and recycling 
performance, Fost Plus is rated as the best system in terms of value for money (MacKerron, 
2012). Another important financial incentive relates to minimizing environmental impacts. 
Limiting carbon dioxide and silicon dioxide emissions through the reduction in oil use can 
decrease costs in the future. The European Commission has determined that “it appears safe 
to say the costs for packaging recycling are in the same order of magnitude as the most cost-
efficient alternatives to reduce carbon dioxide emissions and other environmental impacts” 
(MacKerron, 2012). Clearly, if an EPR system were to be established in Denmark, different 
stakeholders would become incentivized to contribute to recycling more waste.  
???????????????????????????????????????
Standardizing collection schemes across Denmark could increase the recycling rate, 
especially when implementing an EPR system. For an EPR system to work, the flow of 
materials must remain constant so the system can become progressively self-sustaining. 
Creating a standard scheme for waste collection can ensure that the flow of material is 
continuous and abundant. For example, in Belgium, PMD is collected throughout the nation 
and guarantees that there is enough waste for a secondary raw material market to exist. Fost 
Plus was set up to assure that these materials were collected for producer’s use. By 
standardizing the scheme across the nation, Belgian producers can ensure that they recycle 
enough material for their businesses to survive. Evidently, if municipalities are in charge of 
collecting waste from households, the municipalities must collect enough high-quality waste 
for the producers. Standardizing schemes will help evaluate the success of each scheme on a 
national basis. Even though the municipal governments decide the most effective collection 
scheme(s) for their respective municipalities, normalizing the collection schemes can increase 
the recyclability of the different fractions. If each municipality collects different waste 
fractions, the system is inefficient because the municipality may not recover enough materials 
for producers’ use. 
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?????????? ????????????
Based on our research, we have decided that Denmark’s current recycling system is 
adequate, although there is room for improvement. We have arrived at several conclusions 
for this improvement to occur. First, we conclude that source separation, or multi-stream, 
collection is a good way to ensure that more plastic of high quality enters the recycling 
system. It might take several years for municipalities to introduce source separation to its 
citizens and encourage the citizens to utilize it. However, effective communication to the 
citizens can expedite this implementation. In the long term, source separation will be 
conducive to good recycling habits as well as a positive mentality for recycling.  
Next, we conclude that effective communication between stakeholders is necessary so 
that information does not get lost. Recycling is an intricate process with many parties 
involved. Frequent communication will improve the flow of information and guarantee that 
recycling will actually take place.  
Finally, we conclude that implementing Extended Producer Responsibility (EPR) in 
Denmark will be beneficial. EPR systems foster source separation, better communication 
among the stakeholders, and provide incentives for households to participate in recycling. 
However, it might take a number of years for full-scale operation due to the complexity of the 
governmental system in Denmark. Additionally, the structure of the waste sector may change 
as a result of this implementation. 
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?????????? ????????????????
In this chapter, we developed recommendations for the Danish Waste Association as 
well as possible future WPI projects. 
???????????????????????????? ?????? ?????????????????
This section provides suggestions for the Danish Waste Association. It is implied that 
the Danish Waste Association will suggest these recommendations to the stakeholders. 
However, due to the limited power exercised by the Danish Waste Association, it can only 
propose these recommendations but not mandate them. In addition to suggesting these 
recommendations, the Danish Waste Association should promote communication between its 
members. It should also assist members with their specific needs, keep communication open, 
and update the members regularly.  
?????? ??????????
The Danish Waste Association should work with the Danish EPA to set a plastic 
recycling target for the next waste strategy in order to encourage municipalities to improve 
their recycling systems.  
The Danish Waste Association should also convince the Danish EPA to standardize 
the number of waste fractions collected. As explained in section 5.6.2.3, collecting the same 
waste fractions can increase the recycling rate, especially for household waste. It is necessary 
for the collection of materials to be continuous, particularly when implementing an EPR 
system.  
We also recommend that the Danish Waste Association promote the establishment of 
an EPR system. Different successful EPR systems were highlighted under section 5.6.2.2. 
Implementing similar EPR systems can certainly increase the recycling rate of MSW. For 
Denmark to reach the 50 percent target by 2020, change is necessary. Creating an EPR 
system can certainly assist in meeting this target.  
The Danish Waste Association should help incorporate recycling education into 
school curricula. Teaching students about the recycling system can inspire them to contribute 
to the recycling system.  
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????????????????????????
The Danish Waste Association should encourage companies to influence the Danish 
EPA to implement the EPR system. Since the private companies that produce plastic 
packaging are the main stakeholders in the EPR, it is important that they are responsible in 
collecting and financing the proper disposal of generated waste. We encourage the Danish 
Waste Association to help companies set up PROs to facilitate in organizing the flow of 
material and finances. 
In addition, the Danish Waste Association should advise companies to make their 
products more recyclable. The Danish Waste Association should make sure that companies 
also abide by the REACH regulation to improve the recyclability of their products. In doing 
so, companies will also avoid producing single-use products.  
Finally, the Danish Waste Association should encourage companies to sponsor 
student projects and build educational labs. By stimulating interest in recycling through 
projects and labs, students will obtain hands-on experience with experts about waste 
management and production.  
?????? ??????????????
The Danish Waste Association should assist municipalities in communicating clearly 
with their citizens the importance of separating and recycling waste properly. The Danish 
Waste Association should work with municipalities to set standards for how much separation 
is required as well as how clean the waste should be prior to recycling. The Danish Waste 
Association should urge municipalities to organize events that give citizens a positive 
educational experience regarding the importance of recycling. These events should make the 
citizens feel as if they are important in the recycling process and that each citizen can make a 
difference. Special attention should be given towards teaching children to recycle properly so 
that the children can influence their parents to recycle properly as well.  
In addition to the events, the Danish Waste Association should advise municipalities 
to encourage communication between the citizens. Citizens will be more likely to recycle 
their waste properly if they notice that their neighbors are doing it. Municipalities can 
encourage this way of communication by meeting with, for instance, various homeowners 
associations. The Danish Waste Association should work with municipalities to integrate the 
recycling system into the community. For example, town squares with a café and shops can 
be established around recycling centers such that the recycling centers are the focus of the 
community.  
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The Danish Waste Association should work with municipalities to ascertain that 
containers are strategically placed at recycling centers. When the citizens enter the recycling 
center, they will drop off waste in the bins that they see first. Thus, the containers for 
recycling should be placed first, and the containers for incineration should be placed last. 
Enthusiastic workers should be available so that they can help the citizens recycle their waste. 
This way, there would be more waste recycled instead of incinerated; without the workers’ 
help, the citizens would be more likely to put more waste in the container for incineration.  
The Danish Waste Association should advise municipalities to also consider the pay-
as-you-throw method. This financial system consists of citizens only paying for the amount 
of residual waste they throw out, not recyclables. If citizens take more recyclables out of the 
residual waste, they will be charged less. This encourages citizens to recycle as a financial 
incentive. Switzerland has implemented this system, and it proves to be a great success for its 
waste management system. 
?????????????????????
While we have conducted research regarding plastic recycling from households, we 
have discovered other potential topics for future research. They include: 
• Assessing the feasibility of implementing Extended Producer Responsibility in 
Denmark 
• Investigating various cleaning technologies
• Exploring the possibility of standardizing the collection schemes 
• Improving communications between stakeholders 
• Improving recyclability for plastic in contact with food, medical equipment, or toys 
• Business analysis of using recycled plastic vs. virgin plastic 
• Integrating recycling centers into the social aspects of municipalities 
• Enhancing plastic recycling from commercial locations 
• Enhancing plastic recycling from industrial locations 
• Create a model for full circle recycling 
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Table 13. Miscibility of Plastic Typesn 
Polymer PS PA PC PVC PP LDPE HDPE PET 
PS Y
PA N Y       
PC N N Y      
PVC N N N Y     
PP N N N N Y    
LDPE N N N N N Y   
HDPE N N N N N Y Y  
PET N N N N N N N Y 
Legend: 
Y – Miscible 
N – Immiscible 
Key of terms: 
PS – Polystyrene 
PA – Polyamide 
PC – Polycarbonate 
PVC – Polyvinyl Chloride 
PP – Polypropylene 
LDPE – Low Density Polyethylene 
HDPE – High Density Polyethylene 
PET – Polyethylene Terephthalate 
       
n Note. From Introduction of Plastic Recycling, by V. Goodship, n.d. (p. 43) Retrieved from 
http://site.ebrary.com/lib/wpi/docDetail.action?docID=10236873 
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Our team met with Niels Remtoft, a consultant from the Danish Waste Association, to 
discuss the organization of the Danish waste sector. The discussion began with Mr. Remtoft 
giving a brief background of the EU and explaining its role in waste management. He 
informed us that the EU creates directives within which the Member States can work. Each 
Member State has the right to interpret the directives and implement them in its waste 
strategies. The Danish EPA takes into account these directives when proposing laws to the 
Danish Parliament. The Danish Parliament is in charge of passing legislation regarding waste 
management offered by the Danish EPA. This legislation is handed down to the municipal 
governments as a framework within which they must work. Mr. Remtoft added that there are 
five regions in Denmark, and the regional governments have no authority in implementing 
waste management policies.  
The municipal governments are in charge of implementing their own waste 
management programs, which means that all 98 municipalities could technically execute 98 
different strategies. Mr. Remtoft assured us that one common feature in waste management 
for all municipalities is the waste fee. The municipalities collect this fee from the citizens. 
This fee is separated from the tax budget and allotted for waste management only. Due to the 
non-profit nature of municipalities, if there is a surplus in funds, citizens will be charged less 
for the following year; if there is a deficit in funds, the waste fee will be increased for the 
following year. This ensures that the budget for waste management evens out.  
Mr. Remtoft briefed us on the Danish Waste Association as well. He informed us that 
the Danish Waste Association has 51 members and represents 95 of the 98 municipalities in 
Denmark. The organization is a political interest organization that lobbies the interests of its 
members to the government. The government does not have to oblige to their propositions, 
but the organization still has power in representing its members on a national level.  
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According to Erik Kaag, one of the sales managers from TrioPlast, TrioPlast’s refuse 
bags are made from 95 to 99 percent reused plastic; the main polymer used is polyethylene. 
The raw material that enters the manufacturing process comes mostly from rejected plastic 
products, but sometimes the raw material is bought from somewhere else in order to meet the 
quality standards of the customer. Presently, Mr. Kaag mentioned that TrioPlast cannot put 
household plastic into the process since the material is too dirty; the plastic must be very 
clean before it is manufactured. 
About 50 tons of plastic for recycling enter the system per day, while the system has a 
capacity to process 17,000 tons per year. The process itself consists of shredding the raw 
material, generating pellets from that material, melting, extruding, stretching, welding, and 
rolling the material into bags. The bags are then packaged, collected, and shipped to various 
customers. One of the problems encountered in the process is that incorporating virgin plastic 
with plastic that has been recycled three or four times may result in lower-quality products. 
????????????????????
The administrative director from Eurec A/S, Per Faber, states that Eurec A/S is a 
private company that collects plastic from suppliers and ships it to other places. Collection, in 
this case, consists of obtaining and inspecting bales of about 300 to 400 kilograms so that the 
appropriate-quality material can be shipped. Mr. Faber informed us that it is important to 
make sure that the bales do not collapse; otherwise, transportation becomes more costly. 
About half a ton from each supplier is collected, and about seven to eight thousand tons are 
shipped each year. The material is normally shipped from Hamburg, Germany to the Far East 
(China). Mr. Faber claimed that pictures are taken of all shipments in order to fulfill protocols 
and document transactions. Eurec A/S has the right to decide if the material meets the 
specified quality. Mr. Faber reported that Eurec A/S handles approximately 10,000 tons of 
plastic per year, which is about one-third of the amount of plastic collected in Denmark. In 
addition, Eurec A/S works under Fukutomi Company Limited in Hong Kong for sales and 
production of plastic for recycling. 
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According to project manager Søren Svendsen, as of May 2012, RenoSyd I/S, a 
municipality company, is switching over to curbside collection to collect waste in its 
municipalities and planning to close down some of its recycling centers. As a result of this, 
the collection of plastic was raised by a factor of four, while the collection of metal was 
raised by a factor of five. Mr. Svendsen claims that this is because curbside collection is more 
convenient for RenoSyd I/S’s citizens; it has a higher collection rate (about 100 percent) than 
drop-off collection (about 50 to 60 percent). 
An important project that RenoSyd I/S is undertaking is the waste-to-value initiative. 
Mr. Svendsen stated that the purpose of this initiative is to convince citizens that waste has 
value and that proper disposal will help the environment. In order to communicate the 
importance of this initiative, RenoSyd I/S has been organizing campaigns and events for its 
citizens to give them a valuable learning experience and to encourage them to continue to 
help the environment. One such campaign is “Mission Possible.” The purpose of Mission 
Possible is to emphasize the importance of the waste-to-value initiative, and every citizen is 
assigned as an “agent” that has a special task to carry out this initiative. 
In addition to the waste-to-value initiative, RenoSyd I/S has conducted a study to 
“identify drivers for behavioral change amongst different target groups in order to optimize 
our communication with our customers and to optimize customer experience of the services 
we provide” (Svendsen, 2013). By using focus groups, observations at home, and 
observations at recycling centers, RenoSyd I/S was able to come up with seven different 
types of people based on general willingness to sort waste. It was also determined that 
convenience is more important than environmental correctness, and that improved 
communication, involvement, and convenience will result in a strong potential for increased 
recycling. Furthermore, knowledge of the positive effects of recycling is wanted. 
??????????????????????????
There are 33 recycling centers and about 120 recycling stations in this jointly-owned 
municipality recycling system, but 22 additional recycling stations will be built from the 22 
small recycling centers that will be shut down. The recycling stations in Ringkøbing-Skjern 
are open twenty-four hours a day, seven days a week for convenience, but the recycling 
centers are open for only part of the day. The recycling centers consist of large, medium, and 
small; each has containers for many waste fractions, but the smaller centers do not have as 
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many fractions as the larger centers do. In addition, there are some places where citizens can 
drive up to recycling bins, pay 30 DKK, and deposit their waste (Ringkøbing-Skjern, 2012). 
This drive-thru method does not only increase the convenience level, but also increases the 
revenue for Ringkøbing-Skjern. Since the recycling centers have many bins for many 
different waste fractions, citizens are highly encouraged to sort their plastic prior to arriving 
at the recycling center. This method has worked; about 86 percent of the waste is recycled 
(taken to ESØ), 3 percent is taken to a landfill, and the rest is incinerated. It is important to 
note, however, that Ringkøbing-Skjern accepts dirty waste, which might be a problem if the 
customers need it to be clean. In such a situation, the customers may either not accept the 
waste, or accept it but use it for incineration instead of recycling. Furthermore, Ringkøbing-
Skjern believes that it is not a good idea to implement curbside collection in their 
municipalities due to the low population density. Additionally, citizens have used recycling 
centers to the point that they would find it hard to switch over to curbside collection 
(Ringkøbing-Skjern, 2013).  
?????????????
ESØ is a separation and baling facility owned by the Skjern and Varde municipalities, 
according to Hanne Vase Bendsen, an environmental consultant from ESØ. The waste comes 
from both curbside collection and recycling centers. ESØ sometimes separates plastic to a 
certain extent. Dirty plastic is accepted there as long as it is not too dirty; if it is too dirty, 
then customers will not buy it. Ms. Bendsen claims that the biggest problem encountered is 
that the recyclables are often mixed together. If the amount of waste in the facility is too large 
for ESØ to handle, then the waste is transferred to other facilities. However, if the amount of 
waste is not enough to fill the capacity of the facility, some bales are imported from England 
and other places in order to meet the capacity. Most domestic companies buy the plastic from 
ESØ, but sometimes companies from Germany also buy it. 
?????????? ????????????
According to Dansk Affald’s sales and marketing manager Jesper Vange Heinzl, 
Dansk Affald is a private joint municipality company that serves about 100,000 households. 
Dansk Affald is increasing its focus on just handling, separating, and recycling all types of 
waste, except hazardous waste. Dansk Affald chose to focus on recycling since it costs less 
than incineration, so it is shutting down its landfill and incineration plant in the summer of 
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2013. Mr. Heinzl stated that Dansk Affald is phasing out its transportation for collection, so 
its transportation will be outsourced to other businesses. In other words, how Dansk Affald’s 
waste is collected and sold will depend on any contracts or agreements with the other parties. 
One of the major problems Dansk Affald is focusing on is whether curbside collection is 
preferred over collection from recycling centers or vice versa. 
Mr. Heinzl introduced us to a unique system in their municipalities to collect waste, 
called DuoFlex. Recycling bins are divided into two sections for separation of different 
recyclables; this encourages citizens to separate more of their waste. The trucks that collect 
the waste are designed in a way such that when the waste is collected, then the waste from 
one compartment will not mix with the waste from the other compartment. So far, DuoFlex 
has been successful, for recycling increased by 20 to 45 percent of the current rate. 
Approximately half a million citizens currently use DuoFlex. However, DuoFlex has not 
been without problems. Mr. Heinzl reports that one problem is that the amount of waste in 
one compartment of a recycling bin might be significantly different from the amount of waste 
in the other compartment. This might cause problems since the capacity needed for the 
separation technology to work effectively may or may not be met. A possible solution to this 
problem is to either use different-sized bins or increase frequency of collection; the latter 
might be more expensive. An additional problem is that there cannot be more than two 
partitions in a recycling bin since it is more costly to divide the recycling bins (and the trucks 
that collect the waste) into more than two partitions.  
Dansk Affald is currently conducting a project known as the SAGA project. For this 
project, citizens were asked to separate their waste into three fractions for collection: food 
waste, waste for recycling, and waste for incineration. Mr. Heinzl stated that by March 2013, 
708 kilograms of waste per household per year was generated, and 65,000 to 70,000 tons of 
waste per year was handled. Sometime afterward, they were given a questionnaire regarding 
their perception of that separation system. Despite a low response rate (28 percent), the 
results were generally encouraging. The respondents thought that the environment matters, 
they did not mind the smell from food waste, they liked using paper bags, and they thought 
that the system was simple to follow. 
??????????? ????????? ???????
We visited and talked to Mette Skovgaard, a project manager from the København 
Kommune, or the city of Copenhagen, which is involved in the Plastic Zero project. Plastic 
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Zero is a cooperation of seven public and private institutions in Europe, which aims to reduce 
the use of plastic and promote plastic recycling (Plastic ZERO, 2012). Plastic Zero project 
consists of two activities: literature study and establishing corporations with private and 
public institutions. As a part of the 2025 Copenhagen Climate Plan, the city of Copenhagen 
set a specific target to separate plastic waste. According to Ms. Skovgaard, the city is 
initiating a yearlong pilot project to collect new fractions for hard plastic, metal, and small 
electronic appliances. On September 2012, the city began distributing 300-350 additional 
recycling bins with different colors to apartments in Copenhagen area and started collecting 
the new fractions on October 2012. Ms. Skovgaard hopes that having the new fractions will 
help minimize manual sorting at the Material Recovery Facility. The new fractions are 
collected every fourth week of the month, with light gray colored bins specifically assigned 
for hard plastic.  
The city of Copenhagen originally did not collect plastic separately from households. 
Plastic bottles are obtained through deposit-and-return, while other plastic products were 
usually disposed in residual waste stream and get incinerated. Ms. Skovgaard explained that 
hard plastic products are mainly recyclable, and adding a fraction for hard plastic can 
improve plastic recycling. Plastic products that can go into hard plastic stream include bottles 
without deposit-and-return system, bottles for beverages, shampoo, cleaning detergents, fruit 
trays, CD covers, buckets and toys. According to Ms. Skovgaard, by February 2013, the city 
collected 33.44 tons of hard plastic, while only 12.5 tons were estimated, so the actual 
collection exceeded the estimation. Since the program is still at the beginning, the city cannot 
assess whether the initiatives have been successful or not.  
The city distributes informational brochures and hosts events to guide the citizens on 
how to separate their waste. The city of Copenhagen communicates with other members of 
Plastic Zero through email, website and twice-yearly committee meetings. Ms. Skovgaard 
expressed the difficulties of having black plastic and plastic with hazardous materials in the 
stream, such as paint buckets since they are hard to recycle. Ms. Skovgaard also mentioned 
that there needs to be a specific, steady flow of plastic at a good, defined quality. Due to 
structure of the waste sector in Denmark, the project cannot be brought to national level since 
waste management is done by local authorities or municipalities. However, the city reports 
the results of the project to the Danish government and the EU Commission.  
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We talked to Helle Fabiansen and Jakob Clemen, the representatives for Danish 
Plastics Federation, regarding the challenges of recycling plastic from the business aspect. 
Danish Plastics Federation is a union of Danish plastic producers and suppliers that work 
together to design the plastic to be more recyclable. The federation helps to create a 
framework for companies to supply plastic while preserving resources and protecting the 
environment (Danish Plastics Federation, 2013). Ms. Fabiansen and Mr. Clemen reported that 
the big challenge with recycling plastic is to separate plastic into different polymer types. 
There are also problems with recycling plastic products for food containers, medical 
equipment, and toys due to health issues. Food container, medical equipment, and toy 
manufacturers prefer using virgin plastic since recycled plastic is perceived as unsuitable for 
their products. Ms. Fabiansen and Mr. Clemen suggested that the Danish waste sector needs 
to look at other initiatives from other countries to improve recycling. They also brought up 
the issues of upcycling or downcycling, which mean using the plastic for higher- or lower-
quality products, respectively. For example, a batch of recycled plastic can be used to 
manufacture high-quality children toys (upcycling) or low-quality trash bags (downcycling). 
Since the Danish market is too small for upscale production, it causes business barriers, and 
Denmark has to rely on other countries for more advanced recycling processes, such as 
separation of soft plastic. As an organization, Danish Plastics Federation agrees to take 
retailers into consideration as a stakeholder.  
????????????????????????
Vestforbrænding is an environmental management company owned by 19 
municipalities around Copenhagen and North Zealand that works in all areas of waste 
management, including recycling and incineration (Vestforbrænding). We spoke to a couple 
of people at the main facility, one person at one of the recycling centers, and one person at 
one of the processing facilities.  
At the main facility, Marcus Müller, the operations manager, introduced us to 
Vestforbrænding’s new-developed collection system that utilized four-chamber bin named 
“Madam Skrald” (Madam Waste). This bin separates four fractions of recyclables: paper, 
plastic, glass and metal. Vestforbrænding also develops two-chamber bin for collecting co-
mingled fractions called “Skraldetanterne” (Aunt Garbage). The municipalities can decide for 
their citizens which bins to use for their collection system. The purpose of developing these 
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chambers is to encourage citizens to source separate their waste. The four-chamber bin is 
larger and potentially heavier when loaded with waste. It might be difficult for citizens to 
move the bin when it is full so Vestforbrænding improved the design and added a third wheel 
for better maneuver. On the other hand, due to the design, the two-chamber bin has only two 
wheels with restricted movements and it is not as easy to move as the four-chamber bin. In 
general, the four-chamber bin is also cheaper to produce. The four-chamber bin can also be 
lifted with the mechanical arm of the collection truck. Some of the disadvantages Mr. Müller 
told us include the perception that the four-chamber bin is “girly” due to the lack of manual 
labor required. When collection is done through manual method, waste collectors have to lift 
the waste bins to the truck and this process let the workers show their strengths. However, 
since the four-chamber bin will be too heavy and might create potential injuries when the 
workers lift it, the collection is done semi-automatically. Additionally, the four-compartment 
trucks are more expensive. Vestforbrænding only has two trucks with four-compartments at 
the moment since the “Madam Skrald” is fully operated in one municipality, Herlev 
Kommune. Vestforbrænding outsourced the collection to another transportation company. 
The collection of recyclables in most municipalities occurs once per month. Despite the 
desire to improve recycling, Vestforbrænding must still incinerate since it provides heating 
and power to thousands of homes in North Zealand.  
Vestforbrænding has conducted studies regarding whether or not people want to 
recycle. These studies concluded that generally people want to sort their waste, yet they also 
want to feel that they are important in the recycling system. The people want to be heard, and 
they want to feel like they are making a difference. A woman who works at the 
Communication division in Vestforbrænding stated that there is often an issue for recycling 
in apartments with tenants of different ethnicities. These tenants come from different 
backgrounds and they might not be familiar with the recycling system in Denmark so there 
should be a solution to address this issue. Vestforbrænding has also worked on optimizing the 
aesthetics of the recycling bins. Mr. Müller claimed that the trash bins were originally 
designed to be more “feminine,” to target the housewives since they usually take care of the 
household waste. The bins had more feminine colors, such as purple, pink, and bright orange. 
The citizens enjoyed the design of the bins, yet not everyone agreed, so the bins were 
designed with more neutral colors.  
When we visited the recycling center, we observed the layout of the center. There 
were separate containers for hard plastic, PVC, and chairs/tabletops (these chairs were made 
from a combination of chalk and plastic). In addition, the containers were designed so that 
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citizens had to climb up steps in order to dispose of their waste. We learned that 200 cars per 
day go to this recycling center, down from 500 cars per day last year. 
????????? ??????????
Our team met with Anne-Mette Lysemose of the Danish EPA to discuss some of the 
issues with plastic recycling and different legislation created by the Danish Parliament with 
respect to plastic waste management. The interview included general information about 
different stakeholders and a discussion of current debates within the waste sector. Ms. 
Lysemose is a civil engineer working for the Danish EPA on the environmental aspects of 
waste management. 
We began discussing the Danish Waste Strategy for 2013-2018, which has yet to be 
released. Ms. Lysemose informed us that the delayed release of the waste strategy, which was 
supposed to be released after the summer of 2012, is due to the Minister of Finance creating a 
complex business model to show that following the waste strategy will yield a better 
environment and economy. She also mentioned that the strategy will focus on improving 
recycling targets for household and commercial waste as well as developing three or four 
standardized collection schemes to be used throughout the country in the future. The EU has 
also implemented legislation, which states that the Members States must submit a waste 
strategy for waste prevention. Ms. Lysemose informed us that the Danish EPA is currently 
working on this strategy. When asked about how the Danish EPA determines the recycling 
targets, she explained that a team of analysts compares Denmark’s performance to those of 
neighboring countries (Sweden, Germany, etc.) for inspiration on setting similar targets in a 
realistic timeframe. She also added that the politicians discuss how ambitious the targets 
should be set from a financial standpoint.  
When considering the Extended Producer Responsibility, Ms. Lysemose revealed that 
Denmark already has a system in place for Waste Electrical and Electronic Equipment 
(WEEE) only. Furthermore, she explained the system and told us that the producers of 
WEEE all pay into one fund for the waste to be handled correctly. She informed us that this 
producer responsibility prevents the companies from making more recyclable products 
because they are not individually responsible for the production and content of their own 
products. Although the system may be flawed, Ms. Lysemose guaranteed that Denmark is 
managing all right; however, the Minister of Environment still wants to improve the waste 
management system. Currently, the Danish Parliament has many members that are keen on 
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the environment and understand how important waste management is in creating a greener 
country. 
Ms. Lysemose revealed some of the current major discussions in the Danish EPA. She 
advised us that one of the biggest debates involves the source separation of waste. The 
discussion contains topics on central sorting facilities, where all of the co-mingled waste 
would be sent for separation and whether Denmark produces enough waste to provide its own 
treatment facilities. She also mentioned that Copenhagen Cleantech Cluster is conducting a 
new project to promote plastic waste recycling and advise companies such as LEGO that use 
only virgin plastic for their products to try using recycled materials. When asked about virgin 
plastic production in Denmark, Ms. Lysemose informed us that the production does not occur 
in a large-scale context. This implies that companies like LEGO and other virgin plastic users 
must import their raw material from other countries. There is also a new plant in Denmark 
that takes plastic waste and sorts out the different polymers. This avoids the need for plastic 
waste to be shipped to other countries for further separation and processing. 
?????????? ?????????????????????
Jesper Jensen, service manager, is part of Dansk Retursystem A/S, a non-profit 
private company that works with producers and sales locations to coordinate the return of 
one-way plastic packaging (i.e. soda bottles, aluminum cans, glass bottles, etc.) for recycling. 
Mr. Jensen gave us insight regarding the flow of finances and packaging through the system.  
We began by discussing the deposit flow from a financial standpoint that makes the 
company non-profit. Figure 28 is the basis for illustrating the deposit flow. 
 
Figure 28. Deposit flow diagram for Dansk Retursystem A/So 
       
o Note. From “Deposit flow” by Dansk Retursystem A/S. Retrieved from <http://www.dansk-
retursystem.dk/content/us/packaging_flow/deposit_flow> 
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Mr. Jensen explained that there are essentially two different closed loops in the 
deposit flow: one between the consumer and sales location, and the other among the supplier, 
sales location, and Dansk Retursystem A/S itself. The process begins when the supplier pays 
a deposit to Dansk Retursystem A/S for each packaging product produced and registered in 
the system database. Depending on the number of packaging products each sales location 
needs, Dansk Retursystem A/S pays the same deposit per product to these sales locations, as 
shown in Table 4. When the consumer buys a product from the sales location, the deposit 
cost is included in the price of the product. This ensures neither the consumer nor the sales 
location sustains any profit on the deposit of any one product. Then, the sales locations pay 
back the suppliers based on how many products were sold and returned at their stores. This 
closes the deposit flow and ensures that there is no profit on the deposits at any stage in the 
process.  
When asked about municipalities that do not have Reverse Vending Machines for 
deposit-and-return, Mr. Jensen ensured us that Dansk Retursystem A/S provides the sales 
locations with bins for consumers to throw out their waste. After collection, each bag of 
returned packaging is marked corresponding to the sales location, and depending on the 
composition of recyclables, the sales locations are given the appropriate deposit amounts. 
Mr. Jensen advised us that this system is not part of the producer responsibility 
because it neither forces producers to make more recyclable products nor in any way make 
them responsible for financing any part of waste management. He mentioned that it is simply 
an incentive for consumers to return the packaging and ensure that the packaging is handled 
correctly. He also added that this system is a part of the Packaging and Packaging Waste 
Directive formulated in the 1980s. 
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Table 14. PROs in Selected European Countries (as of March 2007)p 
Country Packaging*** Batteries WEEE Total PROs 
Austria 7 1 4 12
Belgium 2 1 1 4 
Bulgaria 5   5 
Cyprus 1  1 2 
Czech Republic 1 1 5 7 
Denmark  1 2 3 
Estonia 3  1 4 
Finland 1  3 4 
France 6 2 7 15 
Germany 8 3 20 31 
Greece 1 1 1 3
Hungary 4 1 3 8 
Ireland 1  2 3 
Italy 1 1 6 8 
Latvia 3  2 5 
Lithuania 2  3 5 
Luxembourg 1  1 2 
Malta 1  1 2 
Netherlands 1 1 2 4 
Norway* 2 1 2 5 
Poland** 25 1 5 31
Portugal 3 1 2 6 
Romania 1  1 2 
Slovakia 2  4 6 
Slovenia 2  4 6 
Spain 4  7 11 
Sweden 3  1 4 
Switzerland* 4 1 2 7 
United Kingdom 19  37 56 
Total 114 17 129 261 
*Non-EU countries 
**At least 40 have been registered with the authorities, but some are inactive 
***Excluding deposit-and-return systems for non-refillable beverage containers 
       
p Note. From Strategic, Financial, and Design Implications of Extended Producer Responsibility in Europe: A 
Producer Case Study by Mayers, C. 2007.  
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????????? ??????????? ?????????????????????????????
ABS = Acrylonitrile-butadiene-styrene 
BR = Butadiene Rubber 
CD = Compact Disk 
Danish EPA = Danish Environmental Protection Agency 
DTU = Technical University of Denmark 
ECHA = European Chemical Agency 
EEA = European Environment Agency 
EPR = Extended Producer Responsibility 
EU = European Union 
GDP/c = Gross Domestic Product per Capita 
HDPE = High Density Polyethylene 
LDPE = Low Density Polyethylene 
MRF = Material Recovery Facility 
MSW = Municipal Solid Waste 
OECD = Organisation for Economic Co-operation and Development 
PA = Polyamide 
PAYT = Pay-as-you-throw 
PET = Polyethylene Terephthalate 
PMD = Packaging Made of Plastic or Metal and Drink Cartons 
PP = Polypropylene 
PRO = Producer Responsibility Organization 
PS = Polystyrene 
PVC = Polyvinyl Chloride 
UN = United Nations 
UPC = Universal Product Code 
VCR = Videocassette Recorder 
WEEE = Waste Electrical and Electronic Equipment 
WSR = Waste Shipment Regulation 
